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FOREWORD 


Tum object of the present work is to present, in as 
simple and concise a form as possible, the general prin- 
ciples and practice of design of modern ventilating plant. 

No attempt has been made to deal exhaustively with the 
theoretical principles involved in the’ treatment of air, the 
design of fans, air washers, &c., but it is hoped that the 
information given will enable health authorities, architects, 
heating, sanitary and electrical engineers, metal plate 
workers, and others called upon from time to time to deal 
with ventilating apparatus from the fixing of a twelve-inch 
fan to the design or specification of a small but complete 
installation, intelligently to apply, and with greater efficiency 
than hithorto, the apparatus placed at their disposal by the 
various manufacturers, 

The subjcel is s complex one, and because of its many 
intricacies cannot be fully dealt with here; but readers 
may be inclined to pursue their investigations in the more 
extensive works published on the subject, notably “ Barker 
on Heating and Ventilating ” (Carton Press), “ Mechanical 
Tiquipment of Fedoral Buildings,” by N. §. Thompson 
(David William’s Co., U.8.A.), “Ian Enginecring,” by 
Willis H. Carrier (Buffalo Torge Co., U.8.A.), “ Power 
Hoating and Ventilating,” by C. L. Hubbard, B.S., M.E. 
(McGraw and Hill Book Co., U.S.A.), “Heating and 
Ventilation * (Sturtevant Engineering Series), “ Air Currents 
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and the Laws of Ventilation,’ hy W. N. Shaw, 1.8e¢., FVR.8. 
(Univorsity Pross), and “ Woating Systems,” by I’. W. Raynos 
(Longmans & Co.), to coach of which, to Tho Amorican 
Blower Co., 40 The National Radiator Co., Ltd., to Messrs, 
J. I. Philips & Co. (owners of the copyright of My, Barkar’s 
book), and to many other anthoritios he has to oxpross jis 
indebbednegs for much information and for many illustra. 
tions, tables, &e., reprinted herein. 

While every endeavour has beon made io avoid omissions 
and errors, the writor, who returnod again to active service 
before the work was completed, will welcome any corrections 
or suggestions for futuro editions, 

In conclusion he has to thank sincoroly his old friond 
My. A. F. Browno, A.M.1.Moeh.1i., for tho valuable assistance 
he has rendered by reading of proofs and chocking of figured 
oxamples. 


R. GRIMRSON, 
Tamey, Capi, BOD, 
RovaAn NAVAL DIVISION MNGINEERA, 


Lonpor, W,, 
December, 1916, 
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SOME MODERN METHODS 
OF VENTILATION 


WITH SPECIAL REFERENCE TO ' 
PUBLIC BUILDINGS 


CHAPTER I 
THE GENERAL PRINCIPLES OF VENTILATION 


1. Definition of Ventilation. 


Any room or building used for the habitation of human 
beings should be provided with a plentiful supply of pure 
air. : 

Ventilation is defined as the art of passing a predeter- 
mined, volume of conditioned air into the space to be venti- 
lated, and out of it again, and the proper distribution of 
the air during its passage through the ventilated spaco. 


2. Requirements of Ventilation. 


Ventilating systems are installed to :— : 
(a) Maintain certain predetermined standards of 
purity, temperature, and humidity within the apart- 
ment to be ventilated ; 
(b) To romove from and prevent the formation 
therein of objectionable or insanitary odours. 
Although the reason for the necessity of ventilation is not 
very clear, itis an accepted fact that it is more or less 
injuripus to any animal to breathe air a considerable part of 
which has already been expired, and there can be no doubt 
MN. 


2 MODERN METILODS OF VENTILATION 


that loss of hoalth and ineroasod liability to certain disease is 
associatod with living in such air. 

Questions of porsonal comfort as regards tomperaturo, 
odour, and perspiration also form indisputable arguments 
in favour of efficient veutilation, apart altogether from the 
hygienic aspect of the matter. 


3. Standards of Ventilation. 


Many of the existing standards of vontilation have been 
founded on the belief that carbon dioxide was the dangerous 
clomont in expired. air. 

Tho requirements of ventilation as to air purity ara more 
or less arbilwary, and no rational standard hay yot boon fixed ; 
but it has been clearly and definitely proved by the recent 
magnificent research work of Dr, Leonard Till, of the 
Univorsity of London, and of others, that the presence of an 
increased quantity of carbon diowide (CQ,) in respired air, even 
up lo 800 parts as against the previously accepted limits of 
6 fo 8 puris in 10,000 paris of air, has no deleterious effect, 
and does not allect to the slightest degree the concentration 
of carbon dioxide in the blood. Therefore it would appear 
that carbon dioxide is interesting only as indicating how much 
respiration the air has undergone, and in this way it serves 
as an index of the contamination of the air with organic 
imputritios from tho lugs and bodies of the ocewpants. 

liven more disconcerting to the old school of hygicnists 
must be tho growing practice of Amorican ongincers to 
arrange for recirculation of the air many times ta succession, 
the washing plant, together with the addition of a very small 
percontago of fresh air, being relied upon to maintain the 
atmosphere of tho ventilated apartanent in a pure condition, 
Neodloss to say, this system offects considerable oconomy in 
the fuel bill in cold woather, 

Tn a papor before the Ameorivan School Hygione Associa- 
tion, an architect said, referring to the system of recirculated 
air i - a 

* Such a system has been installed in the new Wetherfield’ School, 
Tartford, capable of operating with only 10 per cent.rof outdoor air, 
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If this method is a success, mechanical ventilation will indeed have 
reached its logical, if somewhat startling, conclusion.” (Heating and 
Ventilating Magazine, September, 1915.) 


Dr. Leonard Hill, at a meeting of the Institution of 
Heating and Ventilating Engineers, October, 1914 stated :— 

“ Now I want io maintain with the utmost of my power that the 
whole question of ventilation which matters is this: the effect of 
heating and ventilating not upon thé chemical purity of the atmo- 
sphere but upon the skin. The physical effect upon the skin is the 
supremely important thing for us, not tts chemical effect.” 


Essential features of the atmospheric condition of the 
ventilated apartment are :— 

(a) Equable temperature, 60° to 65° Fahr. 

(b) Moderate relative humidity or moisture contents, 
45 to 60 per cent. 

(c) Air movement which, though not sufficient to be 
felt as objectionable draught, yet continually removes 
and replaces the vitiated air, surrounding the body with 
fresh air, thus assisting the natural action of the pores 
of the skin and stimulating the nerve tissues (velocity 
of 1 to 3 feet per second).* 

(d) Clean air, 7.e., free from the suspended impurities 
prevalent in large cities and near busy roads—dust, 
insects, oily vapours from gasoline engines, soot, etc. 

(e) Freedom from insanitary or objectionable odour. 

In rooms where the glass and wall exposure is considerable, 
ventilation for the removal of bodily heat need not be considered 
except when the apartment is to be artificially cooled. In 
crowded audience halls, and even in schoolrooms, it is the 
determining factor. 

The minimum quantity of air to be introduced into any 
apartment for the purposes of efficient ventilation is a matter 
calling for considerable experience and careful consideration 


1 An interesting development of the ventilating theories propounded by 
Dr, Hill is Marlowe's “ Normair” process (Pulsometer Engineering Co.), used 
to a considerable extent in diymg installations in which, by the use of a patented 
altoigater, the fan duty is varied fiom zero to maximum output two or three 
times por minute, thereby delivering the air in gusts, thus avoiding monotony 
and more nearly imitating Nature's biacing breezes. 

Bo 
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of the local conditions. For instance, a cathedral having 
about 7 feet super floor area per seat, a period of continuous 
occupation of about ono and a quarter hours, and no smoke 
difficulties 10 contend with, must be considered from an 
entirely difforent standpoint to, say, a cinomatograph 
thoatre having a floor area of possibly 4 fect super per seat, 
continually oceupiod for ton to twelve hours por day, 
smoking being allowed. 


Tsun I.—Quantity of Air Required for Adequate 
Ventilation. 


(Based on Temperature Riso due to Bodily Heat.) 





Tomp, Inevoaso in mm 
ae dg iano wo |e Patt 
oT tee mm 1e OOL OW ’ 
ee Typo of Building. (Wxeludn g Trans- ate bas 
mission and othor “ Post a) ir, 
Losses), , 
6,000. : 2°78 5-0 
5000 | {| Hospitals TE 380 BD 
4,000. —_ 417 Bb 
Music-halls, and 
8,000. cinematograph ) 5-b5 6-0 
2,500  . theatres (smok- 6:68 Od 
ing). } 
Schools, theatres, 
2000 and — audience 8-35 7-0 
1,800. halls (no smok- | 9-25 U3 
ing allowed), 
1,500, ~- 10+1 8-0 
1,200 =. | Churches. F 13-0 0 
1,000. -~ 16:7 10-0 
750. — 22:2 {2-0 





Anothor, although Joss sciontific, method of ascortaining 
the quantity of air required in audionce halls, ote., is based 
on a dofinite numbor of air changes por hour, thé oubio 
contents of the apartment being known. 
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Tasie II.—Quantity of Air Required for Adequate 
Ventilation. 


(Based on Changes per Hour: Thompson.) 


Public waiting-rooms 4 changes. | Textile mills . . 4 changes 
Public toiles-rooms 10 _,, Foundries . 3. Cae 1353 
Locker-rooms « 6 5; Hotel lobbies . . 4 i; 
Small meeting-halls 4 _,, Hotel kitchens edb oy 
Public offices. ar Engine - rooms (ex- 
Private offices 4, clusive of engine 
Ball-rooms . 4. ,, heat losses) . 6 , 
Public dining-halls 4 ,, Laundries . , 20, 
Banquet-halls 5 Ca, Public libraries a eee 
Railroad round- Private libraries . 4 = ,, 
houses i . 12 ,, 


Natural air changes without mechanical aid, due to doors, 
windows, fire places, etc., average onc to two per hour for 
well-built apartments, and two to three for medium quality 
do. 

Generally, it is found undesirable to blow air into small 
kitchens, lavatories, etc., but to rely solely on mechanical 
extraction, in order to avoid distributing objectional or 
insanitary odours. For the same reason, in large apartments 
of the type mentioned the extraction system should be 
designed to remove 20 per cent. more air than the plenum * 
system supplies, in order to maintain a slight vacuum, 
which will overcome any natural aspirating tendencies. 


4, Sources of Vitiation. ° 


Sources of vitiation which may have to be considered, 
either in conjunction with or separately from the foregoing 
factors, before a final determination of the total quantity 
of air required for ventilation purposes can be made are :— 


(a) Human, 


An adult man gives off 1,000 grains of water vapour 
and 0°6 cubic feet of carbon dioxide (CO,) per hour, 


1 © Plenum "esystem is the name given to the fresh air supply when forced 
into the apartment under slight pressure by means of o centrifugal fan. 
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which is oquivalent 10 an increase of from 4 to 5 parts 
of CO, per 10,000 parts of air, 

Also an adult in reposo under average conditions 
emits 350 British thermal units! (B.1h,U) of bodily 
heat per hour, but if at heavy manual labour this will 
bo inereared to 550 B.Th.U. per hour, 


(b) Machinery. 
ach horse-power utilised in overcoming bearing, 
belt, ote., friction produces 2,530 B.Th.U. per hour, 
and cach kelvin or Board of Trade “ unit ” of cloctricity 
3,400 B.Th.U, 
dixampna 1—An electric motor or dynamo of 500 kilowatt 


capacity, and, for rovnd figures, say 80 per cent. effcioney, is 
placed in a closed brick chamber which has to be ventilated to 


Tanne ILI.—Efficiency of some Gas and Electric Consuming 


Apparatus. 
Por cont, 
Electric transformers (static) . . . . 85 bo 98 
» converters (alternating to direct) . 80 t0 92 
» motor. ; : . ; » OB to 85 
» cookers. ; . ; ; » 6040 BB 
» are lamps (Molesworth). F © 190 
» metal filament lamp (Molesworth) . URO 
» Gabon filament (Molesworth). . 50 
Cas cookers . : ; . : : » BLO 
» ongines , : ; : F . 26 to 82 
» ineandescont mantle (Molesworth). » 18s 
» ordinary flame (Molesworth). ; » Oa 


maintain the temperature constant. Ascertain heat units 
produced by the machine at full load 

Obviously out of each 100 kilowatts only 80 are usefully 
converted, the remaining 20 per cent, or 6 * 20 = LOO kaw, 
are trausforned into heat, and produce 8,400 « 100 - 340,000 
B.Th.W. per hour. 

Examen 2.—An clectric resistance connected in an are lamp 
cironit absorbs 170 volls when passing 10 umfis. t.¢., 1-70 ilo- 


' A British thormal unit is dofinod ag that amount of heat whieh will warm 
1th, of wator through 1° Fehr, Strictly speaking from 32° to 33° Eahr. 
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watts, Therefore the heat generated per hour equals I 7X 

3,400 = 5,780 B.TL.U. por hour. 

EXaMrLn 3,—An incandescent gas-burner consumes 3:5 cubic 
feet of 550 B.Th.U. gas (the usual heat value of town gas). The 
light efficiency of such a burner is approximately 1 per cent., 
which is practically negligible as regards our calculation. There- 
fore the heat generated will be 

550 x 3-5 = 1,925 B.TL.U. per hour. 
Some common efficiencies of electric and gas consuming 
appliances are given in Table IIT. 


(c) Sun Effect. . 


Unclouded sun shining on 13-inch brick wall transmits 
60 B.Th.U. per sq. feet per hour, and on a glass surface 
150 B.Th.U. per hour. 


Exampue 4,—Hence a photographic studio or similar building 
having a roof of glass area 100 feet by 200 fect or 20,000 feet 
super,, will require 20,000 x 150, or 3,000,000 B.Th.U. removed 
per hour, in order to avoid a rapid rise of temperature. 


5. American Ventilating Legislation (“Heating and Venti- 
lating Magazine”). 

Many American states have realised the vital importance 
of ventilation as affecting public health and have enacted 
laws regarding the heating and ventilation of schoolhouses, 
audience halls, etc., further specifying tests to be made to 
prove that the provisions of the enactments have been duly 
carried out. 

Indiana (Chap. 144, Acts 1909, Sect. 6). 


“* Heating and ventilating systems of all kinds shall take fresh air 
from outside the school buildings, evenly diffuse the same throughout 
each schoolroom during school session and withdraw foul air from 
said schoolroom at a minimum rate of 1,800 cubic {t.-hr. for each 
225 cubic feet of said schoolroom space regardless of outside weather 
conditions.” 

Ohio (Sect. 30). 

* All other assembly halls and theatre auditoriums shall be heated 
and ventilated by a system which will supply to each auditor not legs 
than 1,200 cubte feet of air per hour.” 

* No floor register for heating or ventilating shall be placed in any 
aisle or passageway.” 
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Cleveland (Ordinance 29,798, October, 1918). 

“Hivery hall, auditorium, or room of every building hereafter 
erected or converted to use as a schoolhouse, theatre or place of 
public assembly or entertainment, shall have in continuous operation, 
while oeeupied, a system of ventilation ao designed and installed as 
to provide not Jess than 26 cubic feet of outer air per minute -— 
1,500 feet per hour for each person for whom seating accbmmodation 
is provided,” 

Similar laws aro either boing enacted or aro in force in 
Massachusetts, Minnesota, Tonnesseo, Florida, Louisiana, 


Vormont, ote. 


6. Law of the Air Circuit. 

For ventilation purposes in the British Islos the minimum 
outside air demporature is assrmed ab 30° ahr. and tho 
usval indoor temperature at 60° Fahr.; hence 65° Mahe, is 
usually the maximum tomperaturo required in air condition- 
ing (unloy somo form of hot blast heating, which is owtside 
the scope of the pre-ont worl, is adopted), thus allowing for 
a 5° Fahr. drop in the duets and other air passages. If 
groatar crop in ducts ix anticipated, then duo allowance 
must be maclo, 

Further, the average temperature in this country during 
the wintor months is 47° Jfahr., so that the tomporature 
increase required except during the provalence of what may 
be doseribed as severe woathor is only 24°, corresponding to 
an increaso of volume of 5 por cont. (approximately), so that 
in ordor to simplify figuring wo shall regard tho volumo of air 
as constant, and mako no provision for a volumetric variation 
duo to tomporature in subsequent caleulations, 

Tho dominant physical Jaw of the ventilated. space is that 
of convection, and, while it is not convoniont +o oxprois it in 
any mathomatical form, yot it is at once the condition of 
success and tho cause of many failures, A porson warmor 
than the air in the immediate neighbourhood catisey an 
upward air current; ovory surface colder than tho air in 
contact with it causes a downward current, Convoction 
curronts are somotimes tormod axpiration currents, and in 
ventilating high buildings spocial steps must %6 taken to 
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avoid this fauls by means of doors, etc., or staircases, 
enclosed. lift shafts, etc. 


7. Composition of Air. 


Air is a mechanical mixture of nitrogen 21 parts and 
oxygen 79 parts by volume, containing 0 to 4 per cent. of 
moisture and 3 to 30—usually 4—parts of carbon dioxide 
per 10,000 parts of air. 

At 30° Fahr. dry air weighs 0-081 lb. per cubic foot and 
1 B.Th.U. raises 51-1 cubic feet by 1° Fahr., but at 65° Fahr. 
the weight is reduced to 0-75 Ib. per cubic foot and the 
quantity increased to 54:6 cubic feet. 


8. Tempering of Air. 


As stated in par. 6, we are only concerned in the present 
work with the heating of air from a minimum temperature 
of 30° Fahr. to a final temperature of 65° Fahr., and (approxi- 
mately) 1 B.Th.U. will raise 53 cubic feet of air at the average 
temperature of 47-5° Fahr. through 1° Fahr. : 

Exampre 5.—To raise 1,000,000 cubic feet of air through 
35° Fahr. (neglecting humidification) the heat required is 

35% 1 900,000 = 660,000 B.Th.U. 

Exameit 6.—Referring to Example 1, par. 4, we obtained a 
value of 340,000 B.Th.U. per hour as the heat to be removed if 
the temperature is fo be maintained constant. To reduce the 
quantity we will allow a rise of 10° Fahr., which will not cause 
discomfort, and we then get 

8_x 500,000 = 1 800,000, 
approximately 1,800,000 cubic feet of air per hour, or 30,000 
cubic feet of air per minute (neglecting heat transmission through 
walls, floors, ceiling, etc.). 

Conversely, 1 B.Th.U. is liberated by each 53 cubic feet 
of air for each degree Fahrenheit through which it is allowed 
to cool, 

TXAMPLE Y,—The heat losses of an apartment are 1,000,000 
®.Th.U. per ‘hour, and the temperature required is 60° Fahr. 
Ascertaine quantity of air to be introduced per minute at 
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a temperature of 120° Kahr. (neglecting ventilation and 
humidity) : 

Temperature drop available 120° ¢0 GO" 60° Fale. 
T.000,000 > 43 
60 > 60 

15,000 cubie foot por niuate, 


Cubie feet of air per minute 14,762 say 


9. Humidity of Air. 


By tho torm “ humidity ” is meant the quantiby of wator 
vapour or moisture mixed with a given volume of aie. 

“ Rolative humidity” is the term givon to the ratio of 
the weight of water vapour contained in a given volume of 
air to the weight which this same volume would contain 
whon fully saturatod at the samo tomporatiure 5 tb is oxpressod 
ay a porcontage, 

Tho difficulty, if any, oxporionced in grasping tho dotails 
of the phonomenon connoctod with rolative humidity is 
duc to tho fact that the capacity of air to absorb moisture 
increases with rise of temperature, thus > - 


Tabun IV.—Increased Capacity of Air for Water Vapour 
with Inereaso of Temperature. 


Tomp. of Air (dog. ohn.) . | 30] dO) FO | GO] 70 | ROY HO | 100 


Maximum woight of wator 
absorbod in grains por 
cubis foot, . OL TOE [QRH POR 1675 | TB FLO | te 1007 


Honce L cubic foot of air containing 6°75 grains iy satu- 
ratod, t.¢., “ full wp,” or can carry no moro water vapour 
at an air temperature of 60° Kahr. ; but if tho temperature 
of the air bo raisod Lo 90° Kahr. the relative humidity is 
automatically recducod to 40 por cont., the actual weight of’ 
water vapour present renatring consiant. It should be noted 
that tho fall in tho relative humidity is due entirely to tho 
increased capacily of tho air to hold a greator quantity of 
water vapour (1.¢., 19-7 grains for saturation, or 100 por vent. 
relative humidity) at the highor temperatures 
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10. Cooling by Evaporation of Water. 


It is a well-known fact that when water evaporates, or 
is converted into the gaseous state, heat is absorbed or 
rendored latent. Common applications of this phenomenon 
are seen in the soldier’s felt-covered water bottle carried on 
service, thesunglazed earthenware water bottle commonly 
used in the Hast, and the camel bags made of canvas, which 
also carry water. In the former the felt is soaked in water, 
and in the latter the contained liquid slowly percolates 
through the material of which the vessel is made, the result 
in each case being that the liquid on the outside of the con- 
tainer slowly evaporates by absorbing the heat necessary 
for the process, chiefly by conduction, from the contents, 
resulting in a cool drink. The refrigerating or cooling effect 
as applied to ventilation is 83° Fahr. for each grain of 
moisture evaporated per cubic foot of air, at ordinary 
temperatures. 


11. Dew Point. 


Since the capacity of air to absorb moisture increases with 
rise of temperature, the converse must obviously be true— 
viz., as the temporaturo of saturated air is lowered, the excess 
mojsture must be deposited when the dew point or satura- 
tion temperature is reached. Consider a cubic foot of air 
containing 2-85 grains of water vapour :— 


Tasun V.—Increase in Relative Humidity due to Reduction 
of Temperature, 


(Actual Weight of Water present being Constant.) 





Temp. (degs. Fahr.). | 90 | 80 70 60 50 | 40 
Relative humidity . | 19 26 36 48 67; 100 





* 


It is clear, thereforo, that for a moisture contents of 2-85 
graihs ‘por cubic foot, 40° Fahr. is the dew point or tempera- 
ture of yaturation, and if cooling is continued the excess 
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moisture will condense out in the form of wator drops or 
“rain.” This offect is cloarly seon on glass windows in cold 
weather, in which the air of tho room is cooled by contact 
with the glass to a tomperature below the dow point, whon 
tho excess moisture condouses oub—t.e¢., tho glass “ steams.” 

Again, a tumbler containing an icod drink is frequently 
covered on the outside with water drops, which have con- 
donsed out of the air in contact with tho glass, which is 
therefore at a temperature below the dow point of the air 
contained in the room. 


12. Effect of Humidity on Ventilation. 


Under normal conditions the air has a relative hunidity 
varying from 35 por cont. on dry days to 98 por cont. 
(i.¢., within 2 por cent, of the dew or saturation point) on 
wot, misty days; but for hoalth and comfort a room tom-' 
poraturo of 60° Fahr. and a relativo humidity majntained 
between the limits of 45 per cent. to 60 per cont. of satura- 
tion, corresponding to an average moisture contonts of 
2-9 grains por cubic foot of air at that temporature, is found 
to give the bost results. 

The humidity of tho atmosphoro oxercises a strong 
influence ovor bodily sensations of heat and cold, and is of 
great importance in broathing, as the quantity of wator 
vapour exhaled with cach reypiration is much greator whon 
the air is dry than when it is damp. Tho secrotion from tho 
skin is Increased whon tho air is dry, but thon there is vory 
littlo porspiration, bocauso it is at onco convorted inte vapour 
by tho dry air instead. of condensing in drops of sweat upon 
the surface of the body. 

The (latent) hoat required for the conversion of tho 
perspiration to tho gascous form is abstracted principally 
from the body, henco the fooling of coolness produced by 
standing in a current of warm, dry air. In such an atmo- 
sphere much of tho perspiration is unnoticed, but in a hot, 
humid (¢.¢., moist) atimosphoro it is readily yoreoived. 

Cold as woll as heat is much moro readily borne ‘by’ the 
human subject when the air is dry. 


To use the chart 

Tho ordinate of the curva shows tha amount of water, in grains of 
moistiro, eontiinod in ona cubie foot of ait when tho temperature of 
the dry bulb is roprosenterd by tho absoisa, for nny dagres of saturation, 
Li also shows what tho wot bulb will be for any given dogroo of saturation, 


(w) Given a dry bulb tomporaturo of 61° Fahey, and a rolative humidity 
of 60 por cont, 
Required to find the corresponding wet bulb temperature: -- 
Follow tho verticnl lino reprosonting 61° Fahy. upwards wntil it 
atrikos the curyod lino representing 60 por cont satumtion, and 
note the position of this point on tho line sloping downwards from 
left to right, which is approximately 53°5° Ifahr. 


i ) Qiyon the dry bulb roading of 60° Kuhy, and tho wet bulb 66° 
Mahy., 
Required to find the relative humidity :— ; : 
Follow the vortical lino reprosonting 60° Fahy, until it sivilos tho 
sloping lino ropresenting 66° Fahr,, and noto the position of thie 
point of tho curved line, which is 80 por cent. 


(a) Given tho dry bulb reading af 82° Fahr: and a relative humidity of 
100 por cont, (de, saturation), 

Required to find the relative humidity of the air when its tompara-" 
ture 18 vaised to 60° Muhr. without the addition of moisture ; ~~ 
Follow the vertical line representing 32° Fahr. until it strikes the 
curve represonting 100 por cont. relative humidity Sel 
Follow tho horizontal line running from left to vipht through 
this point until it strikes the vertionl lino represonting 60° Fahy, 
and noto the position of this point on the eurved line which gives 
87 por cont, relative humidity. 


(a) Givon the dry bulb vending of 85° ahr. and a relative humidily 
of 883 por cont, 

Required the wet bulb temperature, ie, the meavionum possibile 
cooling effect (saturation) — 
Follow tho vertical line representing 86° ahr. until it strikes tho 
curved. line representing 383 por cent, relative humidity, and noio 
the position of this point on tho sloping line which gives the wot 
bulb tomperature of 65°. 

Therefore 85° --- 65° == 20 degrees reduotion, the air haing 
saturated, z.¢,, 100 por cont. relative humidity, 


(By the courtesy of The Buffalo Forge 
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13. Cooling by Mechanical Refrigeration. 


Cooling large volumes of air by means of refrigerating 
plant or ico is commercially out of the question. 


Examrie 8.—-Consider an installation requiring only 20,000 
cubic feet of air per minute to be reduced by 15° Fabr. (neglecting 
the heat 16 be dealt with if the air be reduced to a temperature 
below the dew point). 


au = ee 340,000 B.Th.U. of refrigeration required 


per hour. 


The latent heat of ice (7.¢., tie heat absorbed when one 
pound. of ice at 32° Fahr. is completely transformed to the 
liquid state at the same temperature) is 142 B.Th.U., or 
per ton of refrigeration: 142 x 2,240 = 318,080 B.Th.U. 
against 29,120,000 B.Th.U. contained in one ton of fuel. 

H. R. Kempe, in “ The Engineer’s Year Book, 1914,’’ puts 
the power consumption at from 50 to 60 kilowatt hours per 
ton of refrigeration produced by a motor-driven ammonia 
compression plant. 

If refrigeration is obtained in the form of ice it is rather 
worse, as the handling and transport alone of 1} tons of ice " 
per hour required for a 20,000 cubic feet per minute plant is 
a financial consideration. 

If the air is cooled below the dew point therc would be 
the additional heat units, corresponding to 84° Fahr. per 
grain of moisture deposited per cubic foot of air cooled, to 
be romoved. Also a further increase of temperature, with a 
corresponding expenditure of fuel, would be required to 
reduce the relative humidity from 100 per cent. (saturation) 
to something of the order of 50 to 65 per cent. 


CHAPTER, IL 
TIL APPARATUS WMPLOY ED 


1. System to be Adopted. 


Ii is obvious from a consideration of the matter contained 
in the previous chapter that the air supplied for any first- 
class ventilating system must be efficiently conditioned, 
i.¢., warmed or cooled and humidified as required, before 
being passed into the apartment to be ventilated. This 
fundamontal condition leaves us, therefore, with practically 
the choice ef two systoms only :-- 

(a) Mochanical Plenum and Natural Hxhaust. 
(b) Mechanical Plonum and Mochanical Kxhaust. 

Although there are corlain cases where the natural 
aspirating tendencies, duo to position of site, height of 
building, ote., may cause a Mechanical Plenum and Natural 
Exhaust System to work satisfactorily, yet thore is always 
gravo risk, in dealing with the large volumes of air roquired, 
of objectionable outdoor draughts through doors, passages, 
ote., connectod with the voutilatod apartmont, so that in 
first-class worl bho second systom (7.¢, Mechanical Plonum 
and Mochanical Mxhaust) is almost invariably adopted. 1b 
also has the additional advantage, which will be approciated 
by architects and othors intorested in the decorative schemo, 
that when this system is adopted the oxtraction registers 
are materially reduced in size. 

This system is often termed the Balanced System,' one 
fan—the plenum-——being used to “ pump ” the air in under a 
slight pressure, sufficient to overcome the friction of duals, 

1 Tho writor has been ablo to balanco so porfestly with this system, that a 
variation of ono point on the oxtraction fan speod reguletor, with the plooum 
fon running ab rated output of 1,200,000 cubic foot of air por hour, will qonvort 


an “ inwaids ” into an “ outwards ” draught, as shown by the rovolutions of an 
anomomotor hold in the main doorway. 


THE APPARATUS EMPLOYED 15 


heater, washer, register grids, etc., etc., and a second fan— 
termed the extractor or exhauster—being used for tho 
removal of the vitiated air. This latter fan may or may not 
be called upon to set up a pressure, depending as Lo whether 
much friction is to be expected from the ducts used to 
connect the oxtraction registers to the fan and finally Lo the 
external air. 

In this system it is usual to design the plenum fan to 
introduce a slightly larger quantity of air (15 to 25 per 
cent.) than'is being removed by the extraction fan, as this 
keeps the building under a slight pressure, thereby preventing 
the ingress of unconditioned air, i.¢., foggy air and cold 
draughts. 7 

For audience halls and apartments of similar dimensions 
the problems of efficient air distribution and the avoidance 
of draughts are greatly increased owing to the large dimen- 
sions of such buildings, and these are rendered still more 
difficult if floor gratings are impracticable, which will be 
the case if seats arc movable. In any case, floor gratings 
are usually undesirable from a sanitary point of view unless 
arranged in step risers or chair frames. 

The Balanced System may be still further sub-divided as 
follows :— 

(a) Upward ventilation. 
(b) Downward ventilation. 

In the formor, which is the scheme it is proposed to 
discuss in detail, the plenum air is introduced through wall 
regixtors at a hoight not exceeding 8 fect above the floor level 
and extracted through registers fixed in the ceiling. Thus 
the air flows upward in accordance with natural curronts 
induced by the heat of the body and the breath, the vitiated 
air being carried away and the incoming air uncontaminated. 
It facilitates clistribution if the air is introduced at the same 
or a slightly lower tomporature (1° to 2° Bahr.) than that 
maintained in the apartment, so that the air falls, rather 
than rises, on entry. 

The thoory that CO, is heavicr than air and therefore falls, 
remaining in g layer at the floor levol, is not borne out in 
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practico, which is probably duo to the wpward convection 
currents, caused by bodily heat. 

In the downward mothod the air is admitted through 
rogistors in tho ceiling, or soveral feet above the floor level, 
and vomoved through vont registers in the walls at the floor 
line. Perfectly designed by a ventilating cnginovr of wide 
experience, provided with perfectly figured and constructed 
ducts which are necessarily of an oven more claborate nature 
than used in the upward system, and operated by a 
thoroughly competent and intelligent onginoer, equally good 
results are obtained with this system. 


2. Position of Plenum Intake. 


For the intake of the fresh air, a position as froe from 
contamination, and facing north if possible, should be 
selected, smoky chimneys, sanitary vent pipes, and tho 
discharge from the mechanical extraction system boing 
avoided, unless it is decided to experiment with ro-circulated 
air (as mentioned in Chapter I. par. 3), in which caso pro- 
vision must bo made for connecting to the mechanical 
extraction system, at a convenient point, by means of a 
by-pass duct. 

Tho opening for the intake should oither be fitted with 
louvred boards or iron bars, to provont unauthorised ontry 
to the building, and in vither caso expanded metal or wire 
notiing is added to keop out birds, sivaw, rag, and othor 
débris (4.¢., coarse filtering), 

Incidentally this duct, if fitted with a suitable coiling bolt 
and shacklo, may in certain instances prove a convenient 
route for gotting the fan, boiler, motor, washer, and othor 
bulky geur into position. 


3. Position of Plenum Apparatus. 


Tho plenum apparatus, which has considerable weight, 
should, wherever possible, bo placed in the basement and 
connected to the main intake »poning by,means of a duct 
built in white glazed brick, drains fitted with adequato 
traps being provided as required to facilitate cleaning 
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and to deal with rain or melting snow, which may be drawn 
in during the prevalence of high winds and under the 








ia, 2.—Glazed Brickwork to Inlet of Centrifugal Fan. 
(By the courtesy of Messrs. Davidson & Uo,, Ltd.) 


influence of the appreciable suction which will exist in the 
vicinity of the intake if the dimensions are at all restricted. 

By adopting ¢his scheme the prospects of noise troubles 
are cossiderably diminished. Also the air traversing 
masonry or cqncrote ducts will be delivered to the ventilated 


« MLV. 
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apartment at a more oquablo tomporatiuo in summor and 
in winter than if dosignod to traverse long uninsulated 
duets fixed under tho slates forming the rool of the building. 


4, Arrangement of Plenum Apparatus. 


Any complete systom must include an airwashing and 
humidifying plant to remove dust and dirt {fom tho air ; 
and in order to regulate tho degree of humidification it 
is ossontiel to provide heating surface at tho inlet to the 
washer. Theroisa drop in the temporature of the air during 
its passage through the spray chamber, so that a second 
heator is required at the discharge of the washer, 

Obviously if is impossible to rely on natural moans Lor 
cirewating the large volumes of air necessary for tho officiont 
vontilation of public buildings, audience halls, ote., and tho 
most conveniont air movor ix tho olectrically driven multi- 
blade contrifugal eased type fan, discussock in Chaptor V. 

The position of the fan in relation to the washer, and, the 
bost relative arrangement of tho goar, ix a matter for spocial 
consideration in oach individual case, but it should be borne 
in mind that the * draw-through * (washer and heater on 
suction side) is slightly more satisfactory than tho “ blow- 
through ”? design (washer and heater on discharge side), as 
the volocity of tho air can be gradually incroasod wp to the 
fan and the excessive portion of tho velocity head of the fan 
convertod to pressure head! 


5. Distribution Systems. 

The method of obtaining a supply of conditioned air 
having now been explained, thera remains the distribution 
system to consider, This can be divided into two typos, 
$0, tm 

(«) Main Trunk System. 
(0) The Plonum Chamber System, 

Tn the Main Trunk System, which can bo roughly com- 
pared with tho treo systom of cloctrical wiring, & main supply 
tank is run through tho contre of the arca to be ventilated 


1 Thoso dotails aro moro fully discugaod in Ghapt™y NT, 
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of tho space being made more or loss air-tight and the 
vitiated air extracted from tho apartimont wé the coiling 
registers by a simple and cheap ring type of fan, which can 
be bolted direct to the wall. 

When it is necessary to draw vitiatod air from a large 
numbor of smaller apartmonts, the various yogistors are 
connected to convonient extraction ducts, rising up through 
the different floors, being in turn collected in the attic or 
other place forming the exhaust chamber and connovtod to 
the extraction fan, which, in an instance of this kind, would 
probably be of the double inlet multiblade cased contrifugal 
type, in order to deal with the resistance set up to tho air 
flow. 

Systems containing ducts having high and low resistance 
valuos cannot be connected to the samo exhaust chamber, 
but to separate fans of suitable design, all the ducts of one 
system being figured for oqual resistance values when cealing 
with tho required volume of aiv, as discussed in Chaptor LV,, 
par. 5, in order to obviate subsoquent regulation by the 
fixing of permanent obstructions, which are of courso highly 
inefficient. 


Tanne VII,—Wind Velocities and Equivalent Velocity 
Pressures. 


Volocity in foot (avor.) | (avor.) 
por minuto . |4,850 74,400 | 3,740 | 2,860 |1,760 [1,820 | BBO} QOL 


Do,, miles por 
hom . | 55 50 |d45—-50 | 35—80} 20 15 10 3 
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8. Extraction Fan Exhaust. 

If possible a sheltered spot, whore high winds will have 
little or no effect in causing back prossure on the fan, should 
be selected for tho extraction fan exhaust, as, otherwise, 





Fr@. h.— Bataction lan Mxhanst, fora duty of 24 million enbie feet 
per hour, 


excessive variations in the performance of the fan will be 
observed. 

If no couvoniont and sheltered aroa is available, then a 
tower form of exhaust having louvrod sides may be built 
on tho’ roof so that one point of the compass is always 
favourable te the discharge. 
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For gmadier installations revolving cowls prove very 
useful. As in the caso of plenum intake duets, provision 
should be mado for draining rain and melting snow away, 
which will drift in when the fan is nol moving unloss 
automatic shutters are fitoc. 

The quesigon of back draught becomes of special import- 
ance in dealing with ring type of fans, as the addod resistance 
will increase the load on the motor, conceivably to a 
dangerous extent, if due allowance is not made for this 
factor (seo also Chapter V., par. 12). 


9. Velocity Considerations and Values. 

In deciding on the velocities for the air movement to be 
adopted, both for tho plenum and for the extraction parts of 
the system, some essential considerations aro :— 

(a) Limitations of economical speed of [an in tho 
matter of power. 


Taste VIIL.—Suggested Velocities in the Air Circuit 
through Free Area. 


Part of Circuit, Volocaty (foot 


por minuto). 


L. Main intake for fresh air ‘ ; . OO 900 
2 Ducty Irom intake to tempering eoily i R00 | 1,000 
3. Through tempenng coils : . . ‘ BOO 1,500 
4, Through washer. : ‘ ’ ; ; BOO 

5. Through re-heater. ; : 800 1,500 
6. Main horizontal duets from fan to Inwnches 1,000) 1,500 
7, Branches bo vertical risers connecting bo registers 800 1,000 
8 Vertical risers (preferably velocity is BO per cont, 


greater Uhan (9) to secure a lairly equal dis- 
charge over whole area of yegis{er) 5 500 800 
Throwzh registers (depending on width of apar i 
ment and height of register above flor). 
Higher velocity should be used Jor wide rooms 
with registers 8 to 10 fect above floor level. 200 500 
10. Lixtraction duets . : ; , ; ; HOO 1,000 


-_ 





(b) Fimitations of air velocities on aecount of noise 
and also loss of power in duct friction. (Lader dnereases 
as the square of the speed.) 
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(c) Limitations of air velocity through registers by 
reason of draughts (chielly plenum) and noise, 

(d) Desirability of as high a velocity as possible wndor 
the limitations above referred to, in order to reduce the 
size of duct io the minimum, and also to got a rapid 
conveyance of warm air with minimum hoat losses. (Teat 
transmission through duct walls por Joot s&per, per hour 
is practically constant, but at higher velocities the duct 
discharges more air at the same temperature, hence more 
heat, units.) 


Consider the maximum velocity in straight ducts when 
free from obstructions and bonds to bo 1,800 fect por 
minute, and through freo arca of registers to bo 500 feot per 
minute, if silent operation is an osscntial foature. 


10. Free Area. 

By “Free Area” is meant the gross cross-sectional area 
of the duct, etc., through which the air passos, less the aroa 
of any obstruction, such as iron gratings, pipos, steol 
stanchions, etc. 

Most careful attention must be paid to this definition, for 
othorwise failure is inevitable owing to the much higher 
values for resistances which will be introduced into tho air 
circuit, which, since the fan pressure remains constant, will 
result in reduced quantity of air. 


CHAPTER TIT 


CONSIDERATIONS TO BE OBSERVED LN MI DESLAN 
OY TIN ATR CIRCUIT 


[A thorough understanding of the matter contained in this chapter 
is essential for the efficient design of the Air Cireuit.] 


* 


1. Velocity Variations. 


If an uniform stream of air moves along a duet in which 
the sectional arca varies, tho same woight of air must pass 
any two sections of the duct in the samo intorval of timo, 
otherwise there would cither be an obstruction or accumula- 
tion of a certain quantity of air in the space betweon tho tivo 
sections. Thus, if at two points we havo volocitios vy and 
at, and areas of a and a! wo must havo :-- 


av = alyl, 
but from the well-known law of mochanics tho onory stored 


in unit mass is— 
onergy = janv*, 


‘ : . 0 
or since mass (m) is equivalent to ~ we have— 
g 


2 


energy == ae 
caomemers ee) 
29 


whore w equals the weight and g tho acecloration duo to 
gravity. 

Honco there must be continuous changos in tho kinotis 
(viz., motion) energy per pound of air, wherever a stronm 
of ib passes through a duct or channol of varying 
dimonsiony. + 

Jt cin be shown that thoso changes are always accom: 
panied by an-increase or decrease in prossure and a reduction 


28 MODERN METHODS OF VENTILATION 


(in either case) of total energy, tho value of such reduction 

depending on tho ofliciency of the changes or conversion, 
If a pipe through which air is moving with a cortain 

velocity 7, and containing therefore an amount of cnergy 


per pound weigh{— 
qu? 


2g? 

is allowed to discharge into the atmoxphere whon it is 
practically brought to rest, the whole of that energy is lost, 
as regards tho air circuit with which wo are concerned, and 
is converted into heat. 

Tho case is quite otherwise, however, if tho air (being 
confined to a duct) is allowed to como to rost gradually 
owing to the gradual enlargement of tho duct, for then no 
local eddy currents are formed, which waste the energy of 
the moving air, but, instoad, the gradual reduction of the 
velocity raises the pressure in front of the stream and 
communicates the increased pressure +0 tho remainder of 
the air. 

If the enlargement of the pipe is again reduced at tho 
other end of the roservoir or tank in the samo gradual way, 
the prossure accumulated by the gradual stopping of the 
stream is again utilised in starting a fresh stream without 
substantial loss. If the stream is allowed to pass into the 
expanded or reduced portion without careful dosign, ‘he 
loss of the entire energy of' the moving stream must be counted 
Upon. 

In the case of a bend, similar considerations hold if tho 
air is driven up into a sharp angle, and a sudden change of 
direction is caused by a sharp bend; the whole of tho 
kinetic (viz., motion) energy of the air in one direction is 
lost (as regards useful work on the air flow), such onergy 
being transformed into heat energy instead of boing utilised 
to do the work in hand. More cnorgy is now required to 
start the air flowing in tho now direction at right angles to 
the old direction, whereas had the change of direction been, 
gradual the velocity of the air would not have been teduced 
and additional energy would not have been required, 


es 


onergy = 


ot 
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2. Velocity and Pressure Head. 

Tho flow of air through a duct or olher closed channel is 
due to a difforence in prossuro oxisting bolwveen tivo points, 
such prossuro usually being expressed in inchos of water 
column in this country and ounces por square tach in the 
United States. Uf thore wore no frictional losses in the pipe, 
tho total head or pressure set up by tho fan or obhor apparatus 
would be available for producing flow, and the speed or 
velocity of that flow would bo that whieh would finally 
rosult if a body under tho action of gravity hal fwllon frealy 
the distance measured by the head, or 


v (in fect por second) = 24h, 
where h is the head or pressure in fect of aiz column. 


Hd 
Also h == (a 
12W’ 
where H = head or pressure, expressed in inchos of wator 
column, 


d = density of water, 


We= weight of air in Ibs, per cubic foot undor 
standard conditions; 


then substituting numerical values for the above exprossion 
wo havo 
Ht « 62°37 
ea > GNIL, 
12% 0076 
substituting the value for A thus obtained we have 


v (feot per mine) s= 60 7/27 1168, 
whonce 
» (foct por minute) = 3,950 VA, 
and putting tho static pressure H+ t inch of water column 
from which 
v= 3,950 V1 
v = 3,950 feot por minute for T-inch pressure, 
Lhe pressure hoad oquivalont to the volocities can be 
obtained direct from Tables VII. or XXXVI, 
Unfotirmately it is not possible for oithor air or wator (xo 
far, theso laws apply equally in both cases) to flow through a 
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pipe without somo friction loss, however sinall, and tho 
velocity of flow is, thorefore, less than tho formula would 
indicate. In other words, part of the total prossure exorted 
upon the air is employed in overcoming the rosixtance to 
flow, which is known as the static head, and part is utilised 
in the initial production and subsequent reproduction or 
maintenance of velocity at the sharp corners, otc., and is 
known as the velocity (dynamic) head. 

It should bo obvious, therefore, that, since it is the total 
head that is the only means of producing a flow of air in a 
duct or pipe, the sum of the static and the velocity heads must 
equal the difference in the head (i.e., loss of drafé pressure) 
between any two sections of a duct through which the air is 
flowing. 

With a constant total head, any increase in the length 
of pipe naturally increases tho frictional loss (usos wp part 
of static head available) and reduces the amount available 
for producing velocity (i.e., output of air from the duct) 
accordingly. Similarly any abrupt change in sectional 
area or direction of the duct, right-angled olbow, otc., 
converts velocity head (kinetic energy) directly into heat, 
by reason of the eddies and whirls which are formed, thus 
causing still further reduction in the output of tho duct. 

Tho constant static head against which tho fan delivery 
the air is often spoken of as the “ Maintained Resistance,” 


CHAPTER 1V 


DUCTS AND RUUUSITYRS 


1. Provisions for Ducts on Plans. 


Unless vory great caro is exorcised in the dosign and con- 
struction of the ducts and rogisters, the ventilating system 
is doomed to failure. Tt is obviously more oconomical and 
less troublo to put down a much smaller plant, or ontirely 
to omit to provide a ventilating plant, and honce not con- 
struct the building or audionco hall in viow, than to spond a 
relativoly large sum of monoy on a first-class plant wand thon 
to reduce ity output by 60 per cont. or so by reason of badly 
designed and constructed ducts, the plant and tho system 
being blamed instead of the individual responsihlo for 
cramping tho ducts. 

In designing an audienco hall or public building the 
following routine should be adopted if good rosults ave to bo 
obtained :—~ 

(a) Select the site. 

(6) Docide upon the genoral arrangemont of the main 
apartmonts. 

(c) Figure in tontativoly the leading dimensions of 
those apartments and the soabing accommodation. 

(d) Estimate the quantity of air roquirod adoquately 
to vontilate cach apartment, 

(e) Rocogniso the evil, take it in hand, and figure in 
the dimensions of the main ducts and the proposed 
position of registors both for tho plenum and oxtrastion 
systoms, so that thoso may receive due consideration 
in all future dotail work, both construetional and 
docorativo, 

Nolson S. Thompson, of tho Supervising Architects’ Office, 
Troasury Department, which coutrols upwards of 650 
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Government buildings in tho United States, in this conncc- 
tion. advises :— 

“The next step in the design of the mechanical equipment is the 
completion of the prelimmary drawings . . . showing arrangements 
of the building. 

“The mechanical draftsman will indicate on tracings all chases 
necessary for any part of the mechanical equipment, size, and 
location of all hot air flucs and registers, cold air inlets, ventilators, 
vent ducts, flues and space required for boilers, fans, heaters, air 


washers and other machinery. 
“These preliminary tracings are returned to the architectural 


draftsmen, whose duty tt as to arrange the butlding lo receive the proper 
mechanical equipment.” 


A typical instance of this common-sonse arrangomont 
‘is useful further to illustrate the point, and Mr. Thompson 
continues :— . 

“Tn locating distributing cabinets (for electric light) in thin walls, 
care is taken to see whether a steel beam is located directly over the 
cabinet; and should this be the case, the structural engincer ig 
requested to substitute two channels for the beam, and to set the 
backs of the channels 1} inches apart.” 

One cannot but remark what an improvement such a 
practice is to that unfortunately prevalent in this country, 
whereby the artist plans tho building, including the docora- 
tive features, leaving the olevator, water, gas, soworage, 
ventilating, firo equipment, vacuum cleaning, tolophono, 
etc., engineers to do thoir best (or worst), fighting thoir 
every request for space, regardloss of whether it may be 
reasonable or othorwisc, and resulting in additional main- 
tenance expenditure to the purchaser (which is the inovitable 
result of crowding all sorts of goar into tho same chaso), the 
inadequate provision of spaco for the olficiont inspection 
and cleaning of elevator, etc., machinery, the wholexale 
covering up of inspection boxes (used for drawing in electric 
cables) by decorations, otc. 

Instances continually arise whore the area of a duct is 
reduced by 80 per cent. by a steel joist passing through it or 
the duct has four right-angled bendy unexpectedly intro- 
duced into it to enable it to pass an obstruction, or possibly 
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it stops suddenly in w hollow coiling or other space of ab 
loast twonty or thirty times the cross-soctional aren, and 
then continues on the other side at lows 60 foot away, the 
designor, constructor (or dostractor |) being apparently 
totally ignorant of tho fact that laws regulating volociby 
and prossare hoads exint, 

The duct ork cannot be tueked into any old nook ar corner 
or altered in area and direction to suit any and every trades 
man ongagod on tho job, if it is to be successfully used for 
tho purpose for which il was installod, The wir distribution 
system is part of a definite and highly intricate machine, 
and if satisfactory resulty are to be obtained therefrom it 
must be treated with as much respect as a motor car, uv 
dynamo, or a big printing machine, Tho lw is inexorable. 

No architect or ongineor having soloctod a rolled steel joist 
on a factor of safety 2, would procoed-to drill } inch holos 
across both flanges and down the web; yet this is only the 
converse of providing a duct and choking ib with obstructions, 
& common enough practice. 


2. Materials for Construction of Air Ducts. 


Air ducts are usually constructed by ono of the following 
mothods :- -- 

(4) Bricks, proforably glazod or comont ronderod, for 
the main vertical anc horizontal duels. For the vertical 
risos to rogistors brick duets lined in galvanivod: jon as 
work procesds aro oxtonsively used in the United 
States. 

() Lath and plastor, with smooth side towards (ho 
air current. 

(e) Galvanised iron for extraction duets, and also 
for plenum work in factorios, skating rinks, riding 
schools, expecially if heating is lo be combined with 
ventilation on tho hot blast system, 

(2) Kternito or other patent sheeting, of matel 
howding fixed on timbor or motal sbudding (diMeult 
to make air-tight, mechanically wouk for iuspoetion 

MY. n 
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and cleaning purposes, and latter material is in- 
flammable). 
(e) Torra-cotta drain pipes of large diameter. 

Whatever material is used—and in the opinion of the 
writer, for main ducts glazed bricks are preferable ; if these 
are 100 expensive, concrote coment rendorod and whito- 
washed for the smaller ducts, galvanised iroh built) into 
brickwork or not, as circumstances and. finances permit-—the 
two following rules should be rigidly observed :—- 

(a) No square-cornered right-angled bends. 
(b) No abrupt changes in shape or sectional area, 

Tn all cases access for adequately cleaning plonum ducta, 
preferably by means of hand brushos, or alternately by 
moans of flue cleaning brushes, must bo provided. 

Attention should be paid to tho subject of avoiding 
increased fire risk, by running ducts through firo-proof 
partitions and also proventing tho unduo transmission of 
sounds such as' conversation, musical instrumonts, otc., also 
cooking and sanitary smells, from ono apartment to tho 
other by way of tho ducts. This is a point where the long 
and specialised exporiences of the vontilating engincer will 
be of inestimable value to him. 


3. Pressure Losses in Air Ducts. 


This subject was troated from a thoorotical point of viow 
in Chapter III. par. 2, but it is probably woll to recapitulate 
here to a slight oxtent, as it is very important for succossful 
design work. 

Losses in duct systems or tho air circuit aro mado up of 
two parts :— 

(a) Velocity or dynamic losses. 
(b) Static or friction losses. 

Losses of velocity hoad are due cither 410 changos in direc- 
tion or velocity of tho air, and are caused by tho loss at 
entrance to duct, but principally by eddies and whirls pol up 
in elbows and connoctions. 7 

The loss at entrance is equivalent to the proysure head 
required to produce the velocity of the air in the duct, and 
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may vary from ono to one and a half times tho volocity 
head, depending upon the free area and whether the dnet 
is connected directly 10 the fan outlet or whethor through a 
plenum chamber. It may be expressed as uv multiple of 
the pressure corresponding to the average velocity prackiwod 
in the duet, 

When the velocity in tho duct is tho samo ax at tho fan 
outlet thiy may still be considered a Joss, in viow of the fuel 
that, with a reduction of velocily through a gradually 





Round Pipe. Rect” Pipe 


Ira. 7,--Rosintianee of 80? Plbows 


diverging outlot to a larger area, tho difference batween the 
velocity head at tho fan andthe volovity head in the pipe is 
largoly wtilised by conversion to slatio prossure, 

The othor chief source of loss of velocity head is in olbows, 
and depends directly on the radians of eurmalure of the elbow, art 
not on its size or tho volocity of the air, For the purposes of 
calculation it is convoniont to stato this loss in the affect 
it would have in adding length of straight duet to the 
system —t.¢., equivalont lengths in diametors of round or 
widths (viz., longest side of rectangular section) of straight 
pipe. [ will he scon that this is really finding a convenient 
mothod of stating lows of velocity head in terms of static 
loss, which simplifies figuring to a marked oxtent. 
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Tass [X.—Resistance of 90° Elbows (Nelson 8. Thompson). 


. oS 


Nimbor of Dinmotors of 





Radius of hone Gnas in Diametots Htraight Duet offering 

. Hquivelent Resistance. 
—- (square corners). ; . : 100-0 
a ‘ 6&0 
b : : , BOD 
Tn. : . L0-() 
1} . . . 6-0) 
rf rane ane ; 5-0 
2(maximum efficiency) . : : 4-3 








Exampte 9.—Tor instance, a 90° elbow of 36-inch, diameter 
pipe, having a radius of throat equal to 2 diameters—that is, 
72, inches offers the same resistance to the flow of air ag 4:3 
diameters of straight pipe or 12-9 fect of straight pipe. By 
refercnee to the Friction Chart, Table XI. or Table XXXVI, 
the frictional resistance of the elbow can now be determined, 


Bends in round or square duct should be turned on a true 
circle. In round ducts the crimped or one-piece elbow is not 
used, but they are made in sections. 

Number of sections will be the even number (minimum of 
five) above the square root of the diametor of the duct, in 
inches, 

Exampie 10.—Thus the bend in a 60-inch diameter duct 
should be made up of 
V60 = 7-74, viz,, cight picees, 

Branches, which should be of tho same dopth as the 
main pipe in rectangular or square ducts and be after- 
wards tapered as required, should loave the main duct 
at the side at any angle loss than 45°, but proforably at 30°, 

Outlets which discharge directly from the main or from 
branches, as is often the case in industrial buildings, should 
bo made about two diamoters in length. 

In cases where the scctional area has to be increased or 
reduced, this, as has been shown, must be done without 
shock to the air curront if loss of velocity head is to bo 
avoided. 
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Efficiont angles for the slopo of tho platos to offeet the 
reduction can be oblained from Table X. 


Tanna X.—Loss of Pressure due to Converging or Diverging 
Nozzles or Cones (W. II. Carricr). 


Anglo at Slope (in Dogrocs). G6 } 10 | 6 


20 7 26 | 0 





HMiciency of conversion (velocity pres- 
sure to static, or vice versd) percent, | 70 


56} 42 | 281 td * 

For practical purposes make slope [4 inches (6°) to 
24 inches (12°) to the foot, until the area is reducod or 
increased to sizo required. 

The second source of pressure loss in the duet system or 
air circuit is due to the friction of the air rubbing against 
the sides of the duet. This loss will vary directly as tho 
length of the pipe or as the square of tho velocity, and 
inversely as the diameter of the pipe. As longth is a fixed 
quantity for any system, the only factors subject to modifi- 
cation when working to ohtain a definite friction (static) 
loss are the diameter of the duct and hence the velocity of 
tho air, which are the Llactors which dotormine the relation 
between power cost for operating fan and cost of duet work, 

It is tho most convonicnt practico to detormine w velovit y 
which will give an assumed resistance considered suitable 
within the capacity of tho fan (hoo Chaptor IL, par, 8). 

The following formula indicwtes standard praetice s+ 

pal? KAS.VA 
= a . 
Where P = Loss of pressure in inchos of wator; 
[= A constant depending on the smoothness of 
duet surface, viz,, 00012 for galvanived 
iron and 000022 for brick or coneroto 
ducts, 
V = Volovity of air, in foot per second, 
A =? Cross sectional arcw of duct, in square 
inches, 
S == Rubbed surface in square foot. 


88 MODERN METIIODS OF VENTILATION 


For those who profer it, this result can bo obtained por 
100 feot run of galvanised pipo for varying diameters of duct 
and air velocities from the chart of Table XI. or Table 
XXXVI. 

Genorally, the loss in static head in a length of duct 
equivalont 10 60 diameters equals one velocity ond. 


4. Total Loss of Head. 


The different sources of prossure loss for ducts only 
(exclusive of heaters, washers, otc.) have now boon clearly 
shown, and therofore to ascertain the total loss of hoad 
in the duct system these separate losses must be collectod as 
follows :— 

(1) The pressure required to force the air through the 
plenum main intake and maintain the maximum velocity 
required in the air circuit. (Tt may be 1-0 to 1-5 times tho 
head which is equivalont to the velocity.) Tt is only reckoned 
once unless thore is a velocity loss due to a badly designed 
elbow or diverging or converging part of the duct, in which 
case deal with it as instructed in tho next paragraph. 

(2) Summariso all the velocity heads required in the 
ducts to produce increases of velocity due to variations in 
the section of the ducts. If all diverging and convorging 
nozzles are woll designed (slope 14 to 2} inches por foot), 
assume value of conversion at 50 per cont. in ordor to bo 
on the high side. If in doubt, estimate on assumption that 
total kinetic energy of moving stream is dissipated— 
‘4.¢., that one velocity head is lost and henco that an adcdi- 
tional one will be required in cach caso to restart the stream. 

Exampre 11.—Thus, if when tho velocity is 1,750 leet per 
minute the duct has two right-angled bends and one badly 
designed enlargement, add the equivalent of one velocity head 
for cach 1,750 feet per minute at 50° Fahr., viz., 0-2 x 3 = 06 
inch water, in lieu of the increased length of duct method. 

This energy loss can he visualised by reference to a roller 
skating 1ink on which a skater is seen gliding along one sido 
of the rink. If he is a good skatex, he will be able efficiently 
to change his direction and proceed along a line at 90° to his 
original direction without appreciable loss of speed, whereas a 
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beginner will run into the barter, whereupon his speod, 
vanishes and he Joses the energy of motion. In order bo gut 
going again in the direction at 90° to his original path he haw 
to use considerable onergy to athain the speed ab which ho 
was previously skating along the stright, Tere the loss in 
chergy was obviously one velocity head. 

(3) Having obtained tho total equivalent length of duct 
(i.e, actual length, plus allowances for olhows vecording ta 
Table X.), the loss of head can be quickly ascortained from 
the chart of Table XT, 


Taste XTI.—Metal Gauges for Galvanised Iron Ducts. 





8.W.G. (English) : : . | 26] 24} 22) 27 AY 16 
Round diamr, (inches) . ; . | 1B} 80 | 12) 51 | 72 Jabove 








Rectangular, longest side (mehes) . | 18 | 26 | 40 7 72 7 81 fabove 


ee ey 








United States practice runs rather lightor than the fies 
givon above, but, unless the job has to be eut in every dotail, 
these woights should be adoptod. Tablo XXXIX. gives 
weights for galvanised iron pipes and elbows, 

For duct volocitios seo Table VITI., Chapter I, 


5. Figuring Ducts of Varying Lengths and Duty for Equal 
Resistance. 


All ducts connectod in parallel on one fan system should 
be designed for approximately oqual prossure drop so that 
they may pass the correct quantity of air with the minimum 
amount of permanent regulation. 

There are many systems of figuring ducts for equal 
resistance—i.é., long ducts, having highor rosistance valuox 
than the averago length or duty, are mado of largor Koction 
to reduce tho velocity and henco tho stutie rodxtanco. 
Convorsely, ducts shortor or figurod for lowor duty than tho 
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average have the air velocities increased slightly to increase 
the friction loss to the average value. 

The following method, which is believed to be duc to 
Thompson, appeals to the author as having the virtue of 
neatness, combiued with accuracy and simple figuring :— 

(1) Make main trunk at fan tho same sizo ‘as fan outlot 
(figured from makor’s catalogue), or larger if desired to 
reduce velocity. 

(2) Refer to Table XIIT. and note how many l-inch by 
l-inch pipes are given as being equal in carrying capacity 
to this main duct. 

(3) Divide this number of L-inch pipes by the fan capacity, 
expressed in cubic feet per minute, which gives a fraction 
equivalent to the portion of 1-inch pipe to be allowed for 
each cubic foot of air. 

(4) Multiply the amount of air to be delivered to each 
register by the cquivalent distance of tho said register from 
the fan. (Equivalent distance means total length of duct, 
after all additiony for bends, contractions, etc., have been 
added.) 

(5) Divide the total of these products by the fan output 
in cubic feot-minutos. This gives the average distanee of all 
the registers from. the fan. 

(6) Multiply the amount of air to oach register by tho 
fraction obtained in operation 3, Ze. the number of t-inch 
pipes in the main trunk at fan. This will give the number of 
l-inch pipes to be allowed for cach rogister. 

(7) Corrections :-— 

(a) For each 1 foot by which the equivalent dis- 
tance (4) exceeds the average distance obtained in opera- 
tion 5, one-third of 1 per cent. is to be added to the 
number of J-inch pipos previously allowed for each 
register. 

(6) If the equivalent distanco is loss than the average 
distance, the correction is to be deducted instoad of 
addod. 


DUCTS AND REGISTERS 


4] 


(8) Rofor to Tablo XTH. and find tho size of square pipe 
equivalent to the corrected number of d-inch pipes for 
each fluc. This is the size of the branch pipe ab the 
Add all the branches back to the fan, 
or table, and if tho figuring is correct it will add up the size 


base of the fluc. 


of main trunk started with. 


Tasty XIII.—Equalisation Table of Ducts (Thompson). 


A. Diameter or side of square pipe in question (in inehos). 
B. Number of 1-inch square pipes equivalent to ditto, 








A, B. 
1 1 
2 5 
3 15 
4 32 
5 60 
6 88 
7 129 
8 18t 
1) 243 

10 316 

Il 401 

12 498 

i; 609 

Jd 738 

Lh a7] 

16 1,024 

{7 1,19! 

18 1,874 

19 1,578 








A. 


38 





B 


1,788 
9,020 
2,270 
2,537 
2,821 
3,125 
3,446 
3,788 
4,148 
428 
4,920 
Hohl 
5,703 
6,256 
6.741 
727 
7.776 
8,327 
8001 








70 
72 


Tl 





4), 108 
10,119 
L1,da2 
12, (42 
Ltd 
1,903 
7,078 
190000) 
21,128 
23, 168 
26,020 
27 ARG 
80,208 
82,708 
Sh SAR 
8H, LAL 
40,000 
43 H88 
47,100 


4 


This system would probably be of more use in hob blast 
work when the distribution is by means of galvanised iron 
pipes, for tho work spent on figuring would searcely be 
repaid by results in public building work, where ducts are 
inevitably & compromise between structural details and a 


perfect system 
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Examene 12.—Fan with 54 x 54 inch outlet to handle, 
28,000 cubic fect-minutes, feeding four registers. 

Operation No. 1. 54 x 54 (inches), 
2, 21,000 (approx.). 


a3 bed 























21,000 
i‘ no 28,000 OD " 
Number of 
Equivalent | Cubic Foot fiyurvalont inch Pinos. 
Outlot No, Distanco. ae ‘Minuto. Distance x Cubic anes we 
Foot por Minuto, No. 6.) 
(a) (b) (c) (d) (e) 
1 50 6,000 800,000 4,500 
2 50 2,000 100,000 1,500 
3 60 10,000 600,000 7,500 
4 110 10,000 1,100,000 7,500 
2,100,000 | 
; 2,100,000 F 
Operation No. 5 “98,000 = 75 leet (average distance), 
” ” = 
‘Distaneo Gorrectod Sizo of 
Outlet No to ho ean a Nuntbor of Branchos 
Corrector. | * f Jsinch Pipos, (inches). 
(@) 1} )) 0) (a) (e) 
I — 25 — 375 4,125 28 x 28 
2 — 25 — 125 1,375 18 x 18 
3 — 15 — 875 7,125 35 Xx 3b 
4 +- 35 “+ 875 8,375 37 x 37 











The main to carry branches Nos. 3 and 4 would bo 8,375 -|- 
7,125 = 15,500—viz., about 47 x 48 inches. 

Rectangular pipes to be the same areca whén ratio of depth to 
breadth is not more than 3 to 1. If greater, correct as shown 
in Table XIV. 


Elbows tobein sections 
ich-VDUns i Branch with Subsequent 
ae eel paged mS ping Branch Connection. Reduction of Main Pipe. 


PAAR 


Pipe under Floor Joist. Floor Outfet. 





Ganopy Br Urn, 


Deflectors for Register. 


Fig. 8.—Standard Details cf Sheet-Iron Duct-Work. 
G, B, C, D, and F, Sturievont Engineering Co., Lid.; G, Buffalo Forge Co.; H, American Heating and Featilating Magazine}. 
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Taste XIV.—Equalisation of Area of Round and 
Rectangular Duets. 


mts, “ . 





Ratio of Length to Breadth aes) 41 | 6toL | 10 t01 
Increase area by (per cent.) ‘ 10 20) 30 


e 
Cal 





6. Registers. 

As previously stated, the height for plenum registers 
above the floor level is 6 ft. 6 in. to 8 ft. 6 in. to tho lower 
edge, the former being adopted in narrow apartments with 
lower discharge velocities and the latter for wider walls in 
which the higher velocities are used. 

Baffle or deflecting plates materially assist in the equal 
distribution of air to all parts of the register and the control 
of the stream of air entering the apartment, thus avoiding 
any risk of complaints of draught from sensitive persons 
sitting near the register, 

Screens of about No. 12 round wire formed into a 1-inch 
diamond mesh are useful 40 prevent paper and inflammable 
material being thrown into the duct through the cast-iron 
gratings used to cover the larger openings. 

Excellent grids of standard sizes are listed by the National 
Radiator Co., Lid., who state in their catalogue the “ froo 
or blast area” corresponding to the gross size—a valuable 
time-saving feature for busy designers. 


CHAPTER V 


FANS 


1. Types. 
The capacity of a fan is statod in cubio foot of air handled 
per minute, and the prossiu's sol up in inches of water gauge, 





Via. 9.—-Single Lulet Multiblads Gentaifugel Cased Kea 
(By the courtesy of Mossra, Davidson & Uo., Tt) 
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There are two main types of fan in genoral use :-— 

A. The Centrifugal Steel Cased Fan, having not less 
than cight, and proferably many more, blados (i.¢., 
multiblade) for use where any appreciable resistance 
to the passage of the air is anticipated—+.e¢., long ducts, 
heating coils, filters, ctec., ete. . 








Fie, 10.—Ring Type Propeller Fan, (hy the 


courtesy of Messrs, Davidson & Vo,, Ltd.) 


B, The Ring Type Fan, which ts only suitable for 
handling volumes of air against negligible resistance, 
1.€., below 0-1 inch static water gauge, at an air velocity 
of the order of 500 feet per minuto. 


All ring type fans, whether of the box-blade, propeller, 
or porthole, ete., varicty, should be arranged to dischargo 
into or draw directly from the apartment without obstruc- 
tion or against any strong aspirating tendencies. Numerous 
failures of ventilating installations can bé cited which aro 
entirely due to the use of ring type fans to doal with air 
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which it was desired to force through long ducts, and even, 
in addition, to draw it through cheese cloth filters and 
heaters. 


2. Centrifugal Cased Fans. 


For the pyrposes of plenum ventilation tho coutnifugel 
cased fan is solocted, as ib is roquired to deal will air wt 
a modlitun resistance, the value of such rosistance in w woll- 
designed systom being usually 1-00 to 6-50 inches static 
water gauge distributed over tho air circuit genorally, as 
shown in Table XV, :— 


(N.B.—Herealter water-gauge will be abbreviated to  W,.G,”) 


Tapuw XV.—Loss of Pressure in the Plenum Air Circuit. 


Lichos W.G, 
Intake ducts . F ; : ‘ ~  OLO to 0-20 
Washer ., : : F F ‘ » 025 to 085 
TIeater , : : ‘ . P ~ O20 to O80 
Distributing ducts ‘ . ' » 025 to O40 
Registers . : : , : : » (20 to 0-25 


Total statie —. : \ » LOO to 160 
Add for velocity head . ‘ 2 ~ 080 to 000 


sm se 


Total head, z¢,, statie plus velocity = 180 to 2-10 


str om 


Makers put forward two principal types of the contri- 
fugal cased fan, viz., tho multiblacdo and the eight-bladed, 
usually known as tho steel-plate fen. Thero are one or two 
other variations, notably the cup-shaped blade, for which 
its designers claim for it the special quality of “ gripping 
the air and proventing it [rom sliding along to tho sido of 
the fan furthor from the inlet.” Purchasers should oxereiso 
discretion and submit all claims to rigid tests of coonomical 
and noiseless running and workmanship. 

The question gf the number and shapo of blades is largely 
a matter of individual choice; bub tho present writer inolines 
to the multiblade ay made under the “ Sirocco” patonts 
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on the score of more silent operation, with fairly high offi- 
ciency in a more limited space. On account of its high speed 
also, it gives better pulley ratios in the larger sizes and is 
more suitable for direct: cowpling to electric motors in tho 
smaller sizes. 

There are, of course, various considerations, in favour of 
forward, straight, backward curved, cight ant multiblade, 
ete., types, but matter of this kind is rather outside the 
scope of the present work, as a certain amount of mathe- 
matics is involved, and readers interested are therefore 
referred to the authorities mentioned in the Foreword and 
also to Professor Carpenter’s book, ‘‘ Heating and Venti- 
lating Buildings.” 

In the extraction system in cases whore long and tortuous 
ducts are essential, similar prossure figures will be obtained 
to those given for the plenum system, if the heater and 
washer are omitted, and in this ovent a centrifugal cased. 
fan must be used for mechanical extraction, 


Tasitp XVI.—Loss of Pressure in the Extraction System. 


Inchos W.G. 
Registers . ‘ . 4 ; : » OOL to 0:25 


Duets to fan. : ‘ : ‘ » OL5 to 0:80 
Discharge . : ; ‘ ‘ ; » O10 to 0:20 
Total state. ; ‘ : » 026 to 0-75 

Add [or velocity head . : : ~ 025 bo 0-75 


Total head, z.¢,, static plus velocity =: O51 to 150 


In certain instances the figures for “ ducts to fan’ may 
be increased to 0-50 inch or even more on long runs; but 
these high values should be avoided whorever possible, as 
the interest on the increased. capital cost of large duets will 
usually more than counterbalance the docreayed revenue 
cost of extracting air from high resistance ducts. 

To cnsure silent running and frecdom from noise of “ ait 
rush” 1-25-inch and preferably L-00-inch W.G. should 
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be regarded ag the maximum pressure at which the fan 
should work. 


3. Designation of Centrifugal Cased Fans. 


Centrifugal cased fans are made in a varicty of forms 
in order to meet cach particular requirement with a minimum 
of inconvenience. 

Fans are designated right or loft handed, according to 
whether the driving gear (pulley or motor) is on the observer's 
right or left hand side when looking into the discharge. 
* Top horizontal,” “ vertical wp,” ‘ vertical down,” otc., 
“ discharge ” are self explanatory. 

Single inlet fans are usually preferred for plenum work 
or fresh air supply, as they are more easily arranged for a 
free, direct, and straight flow of air to tho suction eye. 
Also, it is more simple to keep the bearings, belt, and motor 
away from the humid air current, thus avoiding rapid 
deterioration. 


4, Double-width Centrifugal Cased Fans. 


Centrifugal cased fans are also built of the double-inlet 
type, which are practically the same as two single-inlet fan 
wheels set back to back with the blade plate common to 
both sets of blades, 

They have double the capacity of single-inlet fans of the 
same runner diameter, aud are used where large outputs are 
required or head room is limited. Such fans ave arranged 
with a bearing on each side of the casing, and aro frequently 
used for mechanical extraction systems when appreciable 
duct resistance is anticipated. 


5. Characteristics of Centrifugal Cased Fans. 


For a given size of fan, air duct system, and air density 
(applicable to all centrifugal cased fans) : 


(a) Capacity in cubic feet per minute varics directly 
as the spoed. 


(b) Velocity varies as the spced or capacity. 
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Fra, 12,—Double Inleb Multiblade Centrifugal Cased Ian, for a duty of 
34 mullion cubic fect of mir per hour against g-ineh WG, maintamed 
resistance, (By the courtesy of Messrs, Davidson & Co, Ltel.) 


(c) Pressure varices as the square of the speed. 
(d) Speeckand capacity vary as the square root of the 
pressure, 
(¢) Horse-power varies ay the cube of the speed, 
wa 
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6. Pressure Ratings and Selection of Centrifugal Cased Fans. 


Various makers adopt different systems of rating their 
fans, and this lack of uniformity is liable to lead to dis- 
appointing results if purchaser and contractor do not 
clearly understand cach other when tenders aro under 
discussion. § 

Tt ig clear that work must bo done in the air circuit for 
two purposes— 

(a) To produce motion of the air, t4.¢., the velocity at 
which the air must travel to attain itg destination 
(after which the work is lost to tho duct system, if 
not partially converted to pressure head previously). 

(0) To maintain the velocity so produced, by over- 
coming the friction of the air rubbing on the sides of 
the ducts and tending to retard the motion of the air, 
equally on the suction and on the discharge sides. 


Now, since we cannot produce velocity without the 
expenditure of energy on it, it is obvious that in considering 
the total efficiency of the fan we must include the pressure 
head due to velocity. 

Further, since air will not remain in motion when opposed. 
by resistance without the expenditure of further cnergy, 
we must add the head absorbed in friction (static), allowing 
thereon (Chapter IV., par. 3) for any cquivalent head 
absorbed in reproducing the original velocitics at badly 
designed clbows, converging and diverging connections, ote., 
so that we are forced to the following conclusions :— 

(a) Total head to be developed by fan is the sum of 
velocity plus static head. 

(6) Velocity or dynamic head is that portion of the 
total head used to produce air movement. 

(c) Static head is that portion of the total head used. 
to overcome friction, etc., losses. 


When, only tho total efficiency of a fan is given, but the 
ratio of the static to the total pressure is known, the static 
efficiency may bo calculated by multiplying the total 
efficiency by the ratio of the pressures. 
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Obviously, in public building work whoro volocitios are 
comparatively low, it is high static officioney that in required 
in order to overcome the duct, heater, washer, ete., frietion, 
For each pressure there is a cortain velocity through tho 
fan outlot that will give maximum efficiency, and this holds 
true for all gizos having the same dosign of blade; but of 
course it may be a matter of oxpedioncy Lo operate a fan ab 
other than the most officient point. 

Wxamene 18,.—Required to select a tan for a duty of 15,000 
cubic feet per minute to be delivered against a nuvintained 


resistance (static) of L inch W.(. 
Referring to the Bullalo Forge Co.’s Catalogue we oblain the 


following data. 


Tabi XVII.—Comparison of Performance of Three Fan 
Sizes for a given Duty. 


| Onpacity Mficione 
an. | Outlot |Add for | in oubis ; Mochani- Aur UP. | oy Sint. 
No. | Volocity Total | “poet por R.PAM} anal GLP. | for State Prowsure 
Prosstro, minuto. roqtutod. | Prossure, (por eons). 


No.8} 1,600 | O16 | 14,980 | 298 |) 4-51 231 Bus 
” 1,700 | O48 | 15,860 | 291 166 21) hoe 





miata ms | em ten me ey ae ne 


No.7 | 2,000 | 0-26 | 14,200 | 3880 } 4-08 2d HG) 
2,100 | O27 | 15,000 | 880 | 480 236 ‘Tre 
2,200 O30 1 16,720 7 820 ) 456 27 Biel 





No. 6 | 2,600 | O42 | 18,650 | 3802 | 4°36 21 { AY( 
2,800 | 0-48 | 14,700 | 400 | 600 QoL G3 
8,000 | 0-56 | 15,750 | 410 | B76 247 424 

















tte mnceey met ne ee ee tiene memannnamenpennwsqenee! ~ * 


Where silence, low initial velocity and operating oost are 
desizablo at the cost of capital oxponditure No, 8 would 
be selected. 

For moderate volocitios and operating costs No. 7 1s 
the fan; whereas for high duct volocities and low capital 
cost with higher running cost No. 6 moots the requiromentn. 


Tape X VILI.—Performance of Standard Single-Inlet Centrifugal Cased Fans. (Davidson & Co.) 


TABLE OF OUTPUTS. 
































1 
rea 4anch W.G. | jinch WG. Lanch W.G. Hanch W.G I 2 inch W.G. 
of i ee ee ee 
aay ae ' Cab. ff: le par! Cub. ft | | cub tt : Cub ft. Cub. f 
soges} REM permin, BHPYRPM Coo 3B HP IRPM| Verio. |B E-P.i RP rn) SOL |e Pou | OBER. 
ef hs s  }  qxyr 
1 | 4 ‘ 
Ib * 600 2,550 0-38 700 2,650 0-53 830 3.400 | 0-93 1,000 3,600 1-44 * 1,200 4,750 2-62 
17k |: 530 3,600 + 0-60 ' 650 4,120 0-91 ' 750 4,800 12 900 5,500 2-33 ; 1.000 5.400 2-88 
0 450 4,350 O64 5830 5,020 1-07 , 630 6,250 1-84 800 7,650 3-38 | 900 8,056 4-43 
25 *" 350 6.300 0-87 +450 8,600 1-91 , 500 8,900 2-45 600 10,400 4-19 | 700 ; 11,460 6-08 
30 * 300 | 10,100 1-49 {375 12,800 2-60 | 425 | 13,500 42 520 16,500 8-00 600 {| 19.000 U8 
35 1950) 12,400 ' 1-70 300 14.860 2-98 | 350 | 16,700 445 450 23,000 9-73; 520} 26.000 16-0 
40 225 | 17,800 251 275 21,100 £55 | 325 | 26,200 | 762 385 29,000 120 | 450 33600 18-5 
45 200 | 22,800 3°36 250 28,800 6-37 3001 36,400 | 11-5 350 =638,300 =16-2 ; 400 H 43,000 23-6 
50 4.175 | 25300 347 225 35.200 7-79 250] 36.800 |10-1 300 40.000 1606 | 3501 47,900 25-3 
55 160 | 31,400 500 200 406,100 856 225, 44.500 | 12-2 275 = =51,200 §= 20-3 325 | 63,700 36-3 
60 150 } 40.800 662 175 43.660 8-79 225 64,800 | 20-4 260 67,300 32-0 , 300 | 78400 43-7 
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Of courso, the excessive portion of the velocity head of 
No. 7 can be more or loss efficiently converted, depending on. 
the anglo of slope of the duet walls, into static pressure, butit 
is obviously useless to spoed up abt the fan in order bo gel wo 
good fan officiency if the value cannot be utilised in the air 
eireuit. The point which concerns the engineer ix the 
efficiency of the complete installation and not individual 
paris, except insomuch as they affect the whole. 

English fan makors do not appear generally to have 
adopted the convenient methods of the American in listing 
fans showing the air velocity at outlet and the equivalent 
pressure to be added to the static value to obtain the total 
pressure, so that the Tenderer’s Detail Sheet (Chaptor XTV.) 
has been specially drafted to clicit this information. 

It may be observed in studying fan performance tables 
or curves that there are two different outputs at tho samo 
static pressure for the same speed of fan, which would appear 
curious until it is noted that the total pressure is different, 
thus agreeing with the foregoing statement, 


7. Ring Type Fans. 


When tho design of tho air vireuit is such that the fan 
works against negligible resistance or aspirating tendencies 
(below 0-125 inch W.G.), i.¢., with froo intake and discharge, 
ring type [ans are most effective, and are, of course, choapor 
in first cost; but it should bo clearly undorstood that 
they are totally unsuitable for forcing inlo or extracting air 
Jrom long or sub-divided flues, and this typo of fan should 
thorefore only be used in places where it can discharge into 
or exhaust the air direct from the ventilated apartment 
without obstruction, [or silent running the maximum 
peripheral speed shoud be of the order of 4,000 feet per 
minute, 

Although not so efficient ax centrifugal cased fans when 
operating against resistance, yot because of low first dost, 
large air capacity, and simp'icity of erection, ting type fans 
are largely used for roof extraction, ventilating ongino-rooms, 
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kitchons, ship’s cabins, etc. They can bo obtained direct 
coupled to electric motors, which is very convenient for 


tof air 


ic Fee 


ty of 3£ million eub 


ake and discharge. 


per hour against free int: 


Fre. 13.—Ring Type Propeller Fan {arranged for belt dmve), for a du 





the smaller sizes, or arranged for belt drive in the larger 
ones. 
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8. Frames for Ring Type Fans. 

Various makers’ designs of ring typo fans differ, some wheols 
being suitable for propelling air with oqual officiensy, 
either inwardly or outwardly, according to the direotion of 
rotation, but othors require slight rearrangement, Atdon- 
tion must therefore be paid to this point in the specification 
when ordering. 

The framo ring and frequently the arms are all cast in 
one piece, three or four lugs, through which bolts pass, for 
attachment of the frame to the wall, partition or window 
being provided. This design is usual for fan wheels wp to 
60 inches diametcr. Above this size it is cuslomary to 
provide two bearings cither groase or oil ring lubricator, 
one at each side of propeller wheel, carried on wall 
brackets and stcel joists 10 reduce vibration and provent 
undue stress on the one bearing and on tho wall, 


9. Capacities and Powers of Ring Type Fans. 
Tanti XIX —Performance of Standard Ring Typo Fans. 
(Slow speed for silent rumiing ) 


be wer 


Poriphaal | Volume of Air 





Tan Whoo) Speod of in oubio fo Bre OBO. 
Diamoto Rovolution: aati rise pean Sa ht an 
(inches) por Minuto (foot per Sree Intake Pulloy. 
minuto.) — | and Daseharge. 

14 1,000 3,650 1,000 (HO 

18 800 3,750 1,800 O12 

2 G00 » 3,780 3,000 (17 

30 500 3,920 5,000 (205 

36 ‘(50 4,260 8,000 (60) 

42 400 4,400 AL,000 (62 

48 350 4,400 14,000 75 

54. 300 4,230 18,000 Le) 

60 280) 4,400 24,000 12 

66 250 4,320) 28,000 16 





A large margm of safety should always bo allowed whon, 
deciding the capacity of ring type fans, ax their operation 
is matorially affected by many apparently tilling things, 
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10. Characteristics of Ring Type Fans. 


Variations in the output for any particular fan wheel 
diameter can casily be obtained by raising or lowering the 
speed, where— 

(a) For a constant diameter, angle of blades, and 
position of fan the volume viwies directly #s the speed, 

(b) Horse-power varies as Lhe speed cubed. 

(c) Box-bladed and screw-type wheels have a capa- 
city 25 to 30 per cent. greater than a dist or flat-bladed 
wheel of the same diameter. 

(2) The air velocity is usually 16-0 to 21 per cent. of 
the peripheral speed. 


Readers desiring to study the subject further should turn 
up Mr. W. G. Walker’s Paper, read before the Institution of 
Mechanical Engineors, 1897. 


11. Fixings for Ring Type Fans. 

As previously noted, whecls up to 60 inches diameter aro 
usually fitted with cast-iron ring frames for carrying thesingle 
bearing. In this case a brick ring or wood frame is formed 
to the dimensions and the design shown on the makers’ blue 
prints, and the ring is bolted directly to the wall or partition, 
which should be finished dead true to avoid straining tho 
frame when fixing bolts are tightened, Short longths of gas 
barrel built into the wall to reecive the fixing bolts when 
brick seatings are used facilitate crection. 

All bolt hole centres and the other dimensions required 
ean be obtained from the makers and special scale drawings 
supplied after the fan is ordered, care being talon to see that 
drawings arc marked “‘rinan,” and not “ PRELIMINARY,” 
otherwise dimensions taken off the actual fan as delivered 
may differ from those shown on tho drawings. 

The suction side of the fan must not be unduly choked, 
a clear space equal to half the diameter of the wheel being 
left all round the ring 40 obtain maximum officiency, as air 
is drawn in a direction not only parallel to the shaft, but also 
at right angles to wt. Especially is this the case with ring 
type fans fitted with box-blade wheels. 
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12. Variable Duty for Centrifugal Cased and Ring Types 
of Fan. 

The characteristics of the centrifugal cased fan are such 
that if the discharge be stopped by closing a damper the 
load falls rapidly, the wheel continuing to roteto and to 
increase tho static pressure slightly above the normal hy 
reason of the centrifugal 
force which the rotation 
of the air round the axis 
generates, but as no air 
is passing through the 
fan the power consump- 
tion is materially reduced, 
and the rotor with the 
contained air acts as a 
sort of fluid flywheol. 
When the damper is 
opened slightly some air 
passes ; hence the power 
consumption increasos. 
Although this method of 
obtaining reduced output 
is convenient, it is not 
80 economical or so quiet 
as that to be obtained by 
varying the speed, which 
can easily be done by 
installing a variable 
speed shunt-controlled motor on direct current electricity 
supply systems. On an alternatng supply tho damper 
device is practically the only arrangement availablo for 
obtaining reduced outputs unless cone pulloys be used. 
Dampers to these should be fixed on the discharge and not 
on the suction side of tho fan, if on suction side what is 
known as surging takes place, 

Tho ring type fan (of which the wheel is some portion of a 
screw propoller), contrary to the centrifugal cased fan, 
exerty a direcl thrust on the air, and therefore incroased 





Mra. Li Air Mow through Box Blade 
Tan, 
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resistance to the flow of air results in an increased power 
consumption, so rapid, in fact, that it is perlectly possible 
for such a fan to take nearly three times as much power with 
the damper closed as with the damper fully open, This 
effect is not so noticeable with some of the curved box or 
propeller bladed fan wheels, which have to some extent tho 
characteristics of centrifugal cased fans. In any case, 
regulation is not efficiently carried out by direct damper 
control, and if a variable specd motor vannot be used, then 
by-pass dampers which allow a part of the air to circulate 
round the fan instead of drawing all [rom the ventilated 
apartment must be installed if variable duly is required 
occasionally, Another and possibly better alternative in a 
situation of this kind is to provide two fan systems, one 
designed for say onc-thivd and the other two-thirds of the 
full duty. If this arrangement is adopted care must be 
exercived in selecting the positions for the fans to avoid the 
risk of them pulling against cach other, automatic shutters 
being provided for cach, thus closing the outlet when the 
fan is not in use. 

Fifty to one hundred per cent. speed regulation where 
obtainable is desirable for full control, the maximum specd 
of the fan corresponding to a discharge about 10 to 15 per 
cent. in excess of the estimated quantity of air required, 


13. Precautions to be Adopted to ensure Silent Running, 


The torm “ noisoless running ” as appliod to machinory is 
purely one of degree and largely a question of mechanical 
isolation. , 

Naturally, prevention is botter than cure in fan engi- 
neering as in many other things, and for this reason it is 
desirable to avoid— 

(a) Running fans at high spceds to get high pressures 
‘in order to overcome the resistance of badly dosigned 
ducts, 1-25 inches—preferably 1:00—W.G. static pres- 
sure should be considered, the maximum to be set up by 
the fan. 
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(b) Avoid high velocity of air and rapid changes in 
tho direction of air ducts, Consicdor 1,500 feeb per 
minute --proferably 1,000) to be tho masimiun, thie 
is, oxcept at the actual intake and discharge of the fan, 
whore the velocity values may be in excess of this 
figuro—possibly 2,000—2,600 foct por minute. 

(c) Fix fans on solid foundations and avoid any 
large expanse of hollow conerete floor whieh could 
possibly act as a sounding ‘ board.” 

(d) Avoid tho vicinity of stool joists forming part of 
the framework of tho building. These are frequently 
found to be efficient sound carricrs, 

(ec) Adopt endless belt: drive above 3 B.H.P., so that 
if the motor is at all noisy, being awny from the duct, 
the air currents will not carry the noise forward. 

(f) Stop long or echoing duety a foot or two short of 
the fan, and make the gap good with painted canvas 
matchboarding, etc. 

(g) Bed fans and motors on cork and felt pads, and 
isolate from the main structure by slipping sleeves 
over the holding-down bolts and washors of tho samo 
material under the stecl washers, fixed under the 
nuts, care being taken that no part of the foundation 
bolts are in contact with tho fan frame or baso plate, 


14. Power required to Drive Fan. 

Work is done whonover motion is the direet result of a 
foree boing oxerted against a revistance, the British unit 
being tho weight of 1 lb. lifted through 1 foot (4.¢., 1 footelb). 

The amount of work done is independent of time, but 
power, which is the rate of doing work, is inversely propor. 
tional to tho time (.¢., the faster tho work ix dono, tho groater 
the force required). 

The British unit or horse-powor has boon fixed at 33,000 
foot-lbs. por minute. 

Now, since ajr has weight (0-075 Ib. por cubie foot at 
60° Fahr.) and is moved against a definite resistance 
(measured for convenience in inches of water column) in 
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given time, powor is exerted a value for which is found ax 
follows :— 
Cubic feet of air per minute X pressure in_inches (W.G.) x2 
33,000 
aii. 
or 0000157 x cubic feet of air per minute x pressure in 
inches (W.G.) = HP. 


N.B.—To obtain total olficiency W.G, must include 
static and velocity head. 

One cubic foot of water, 12 x 12 x 12 inches deep, 
weighs 62-4 lbs. Heneo a 12 x 12 x 1 inch slab 
weighs 62-4 + 12, viz., 5-2 Ibs., the igure given above. 

The mechanical efficiency of fans varios considerably, 
but is usually of the order of 45 to 70 per cont, depend- 
ing on size and design, 





CHAPTER VI 
ATR WASTING AND IUMIDIFYING PLANT (FILTERS) 


4. Air Conditioning (Humidification and Cooling). 


On account of tho dust and soot introduced by « venti- 
lating system some form of air washer or air filtor is essential 
where cleanliness is of importance and the spray type has 
superseded the old and insanitary cloth, coke, and other 
types of filter on account of its increased officioncy. Ability 
to regulate the quantity of moisture contained in the broated 
air and also to lower the temperature 7° to 10° Mahr., if 
required, are also valuable features of this typo of plant, 
which is rapidly becoming standard practice for first-class 
ventilating work. 

In view of the unique oxperience which Mr. N.4, 
Thompson has had, and of which he has mado tho fullest 
possible use in dealing with the United States Government 
buildings, the writer ventures again to quote this engineer's 
views, which he has fowad fully confirmed in practice: =< 

“In all buildings equipped with a plenian fan tho practica ix to 
install an air washer, as such a device is looked upon ns the most 
essential leature of a success ventilating apparatus. The old 
plants were a failure on account of the inability of the dry air filter to 
cleanse properly.” 

One of the chiof objections to steam and hot-blast heating 
in the past has been due to tho failuro of hygienists to 
appreciate the importance of the humidity of conditioned 
air. 

Tt has already been pointed out (Chaptor 1, par. 9) 
that the amount of moisture which air can hold increases 
rapidly with the temperature, so that if, during winter 
weather, air at a temperature of 30° Kahr, and 70° relative 
humidity (1-4 grains of moisture per cubic foot)—v very 
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usual figure—is passed through a heater in which the 
temperature is raised to 65° Kahr, the relative hunidity 











‘Wet Air Filter (general view), for 2 duty of 33 million cubic fest of air per hour. 
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will, unless moisture be added, fall to 20 per cent.-of satura- 
tion, and complaints of dry and parched throats, etc., will 
inevitably result. A modern air washer would, under theso 
conditions, add approximately 1:5 grains of water vapour 
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per oubie foot of air to be conditioned, thus maintaining the 
relative humidity at 43 por cont. ab the highor temperature 
oquivalont to 50 per cent, abt 60° Fahe., at the temporattro 
of the apartment, and by this means cause tho air to be 
delivered in a state in which ib is ploasant and comfortable 
to breathe. 

The most dosirable dogreo of relative humidity to mainboin 
in public buildings, audience halls, otc., is from 45 to 60 por 
cent. at a voom tomperature of 60° Fahr. (48 por cont, ab 
65° Fahr.), corresponding to an averago saturation tom- 
perature or dew point of 41° Fahr, and a total moisture 
contents of 2-9 grains per cubic foot of air, which is oqnivalont 
to a wel bulb depression of 94° Fahr. This value will still 
cause a certain amount of condensation on the windows in 
very cold weather, and if such condensation for any reason 
has to be avoided, then the relative humidity at 60° Kahr, 
must temporarily be reduced approximately to 35 per cont, 
corresponding to a dew point of 30° Fahr., a total moisture 
contents of 2 grains per cubio foot of air, and a wet bulb 
depression of 13° Fahr. 

In Chapter I, par. 10, ib was shown that cooling can be 
effected by the evaporation of water. In warm weather a 
shade temperature of 85° Fahr, and a relative humidity of 
40 per cent., corresponding to a moisture contents of 
5 grains per cubic toot, is frequently oxporionced. If the 
moisture contents bo increased to 6 grainy por cubie foot 
the temperature will bo reduced 84, or, say, 0° Iahr.—viz., 
to 76° Fahr.—the corresponding rolative humidity to this 
woight of water vapour and air tompeorature being 62 per 
cont., which is quite comfortable. A groater cooling offoot 
would bo obtained by the continuous uso of frosh cold wator, 
or in a greater degree by tho introduction of rofrigorating 
coils in the water tank. vom practical experience, however, 
a drop of 10° to 15° Fahr, botween the actual temporaturo 
of the apartment and outside air is found to be the maxi- 
mum, groater differonces causing complaints of cold oven 
on the hottest days, by reason, of tho sudden chango from 
one temperature to the other (American practice). 

MY. r 


66 MODERN METHODS OF VENTILATLON 


This interesting question of cooling audienco halls, public 
buildings, etc., to any appreciable degree is one that has 
reccived comparatively little attention in this country up 
to the present, but, given an artesian well yielding a plentiful 
supply of relatively cold water, 50° to 55° Fahr., reasonably 
near fhe surface, it would be a simple matter not only to 
avoid increase of temperature of the ventilated apartment 
due to bodily heat, but also to effect a reasonable degree of 
cooling on a commercial scale. For details of cooling by 
mechanical refrigeration see Chapter I., par. 10. 


2. Constructional Details of Wet-Air Filters. 

A modern well-designed wet-air filter for use in connection ° 
with the ventilation of public buildings will carry out the 
following work :— 

(a) Remove 98 per cent. of the solid material carried 
by the entering air. 

(b) Increase the relative humidity to 85 per cent. 
of saturation point at the temperature of the spray 
water. 

(c) Remove fog to a very marked degree. 

(d) Eliminate any odours which are soluble in water, 

(e) Remove all trace of free moisture from the 
conditioned air (a valuablo feature in the ventilation 
and cooling of the electrical machinery), 

({) When using cold wator (for cooling purposes), 
reduce the outgoing difference of air and wator tom- 
peratures to less than 25 per cont. of tho difference in 
the incoming temperature. 

Modern air washers consist of seven principal parts :— 

(a) The Spray Chamber. 

(b) The Scrubbing Plates. 

(c) The Eliminating Plates. 

(d) The Settling Tank (containing the Primary 
Filter). 

(e) The Secondary Filter. : 

(f) Girculating Pump (usually electrically driven), 

(g) Heating Surface in the Settling Tank. 
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Tho leading dimensions of ono of a well-known make of air 
washers are as follows :— 


Tasty XX.—Constructional Details of Wet-Air Filters 
(Davidson & Co.). 


. Casing Dimensions. Pump, 
Air : ae ee 
Capacity. Woight. ight : Tlorse- 
Longth, | Width. peat Cap wily. pt ean 
gallons. 

oub.ft.-min.| tons, i ‘ = 7 io " por ae 1" 

e600 | wflrol 43! 44 30 1} 

8,000 ji 7 0 4 3 5 5 40 2 
10,000 13 7 0 BH ¢ 5.6 ba 24 

15,000 | 128170] 63} 65 75 5} 

20,000 24 7 0 6 9 7 OO 100 44 

80,000 3 7 O 8 10 8 6 150 6 

4.0,000 3} 7 0 JO. 4 ) 6 200) 8 

50,000 44 7 0 10 4 Il 6 250 LQ 

60,000 Bt 7 0 12 4 ll 6 800 12 














(It will be noted that the length is constant for all sizes, the width 
and height being the only variable dimensions, in order to obtain 
constant air velocity through the washer, approx. 500 feeb per 
minute.) 


The Spray Chamber occupies that part of the washer 
nearest the main intake and contains a systom of galvantsed 
water piping, to which aro attached, uniformally spaced 
over the cross-sectional areca of tho washor, spray nozzlos, 
having large orifices and discharging in the direction of air 
flow. Thoy produce a cloud of water in a very finely 
atomised condition, so that the whole chamber is filled 
with a thick mist, and tho air in passing through is thoroughly 
mixed with it. 

The Scrubbing Plates, which are placed at the oud of the 
spray chamber, afe fixed at an angle to the normal direc- 
tion of air flow, and aro kept constantly flooded with water, 

ra 
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thus effectually removing the solid and dissolving the 
soluble impurities, This loaves tho air in a saturated condi- 
tion, 4.¢., containing a large percentage of free moisture or 
water in the liquid form. 

The Eliminating Plates, situated immediately behind the 
scrubbing plates, are also fixed at an angle to tho normal 
direction of air flow, and are, in addition, Irequently pro- 
vided with lipped edges, so that the air in its passage 
through both the scrubber and climinating plates is forced 
against them and on the latter, which are not flooded, all 
remaining particles of free moisture (drops of water) are 
deposited, the air being discharged in the condition described. 
It is essential, in selecting any particular design of washer, 
to sco that the plates are well designed, to avoid baffling 
the air current and setting up matorial icsistance to the flow, 
an average value for this beng 0:25 inch with 0875 inch 
as a maximum—preferably tho former figure. 

Bxameie 14—4 mch additional pressure on a 60,000 cubic 
{eet plant running 3,000 hours per year requires at Ld, per horse- 
power hour 


60,000 x 0-125 « 5-12 x 3,000 x Ld. 


33,000 x 240 ; 


viz., £14 15s, assuming 100 per cont, for eflicionoy, or, say, £22 
ona practical figure, 


The Settlin g Tank, usually constructed of galvanised 
plato iron, stiffened by an anglo framowork of the samo 
motal, acts as the base of the filter and contains the water 
supply used by the sprays. A ball-cock valve connocted 
to the supply main provides the make-up water (required 
by reason of evaporation) automatically maintaining the 
proper level. Rapid filling, overflow, and waste connections 
are also fitted. 

As will be seen from Fig. 16, the tank is divided into two 
parts by a screen of fine wire mesh, through which the water 
has to pass on its way to the spray system, 1/@ tho secondary 
filter and the pump. This primary filter removes all com- 
paratively large débris—straw, cinders, feathory, rag, ebc,— 
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which may be carried in through the main intake, from the 
water. Watertight glass doors and electric lights aro usually 
supplied to enable tho apparatus to be adoquatoly inspected 
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Fig. 16.—Weit Air Filter (detailel view). (B 





when running, and for access for poriodival cleaning, which 
may be required daily or weekly, depending on the cleanliness 
or otherwise of tho air to be treated. 

The secondary filter varies in design, but is insorted in ihe 
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pipe line between the gauze screen (referred to in the 
preceding paragraph) and the pump in order to remove 
effectually all solid matter remaining in the water, which 
would be liable to clog the sprays. In this connection it 
should be noted that tho relative size of gauze mesh in the 
filter system and the smallest water way in the spray nozzle 
is an important factor in continuous working, The twin 
pattern filter, as fitted by Messrs. Davidson to the “ Sirocco ” 
washer, is an ingenious device which enables the strainers to 
be removed one at a timo and cleaned while the pump is 
running. 

The Circulating Pump, usually of the centrifugal type, 
direct coupled to an electric motor, constantly re-circu- 
lates the water used by the sprays, the pressure adopted 
on the delivery being 25 Ibs. per square inch for the 
atomisers and 8 to 10 lbs. per square inch on the scrubbing 
nozzles, Since for efficient filtering the spray chambers 
must be filled by the fine mist of water, it is not possible to 
reduce the output of the pump when the fan is running 
at a slow speed for half, three-quarters, ete., duty. 

Whenever possible the pump and motor should be so 
fixed that the top of the suction flange on the pump casting 
is below the bottom of the tank in which case tho pump 
will always be flooded when the tank contains water, and 
by this means the necessity for filting foot valves and 
priming cocks is avoided. 


3. Design Details. 


In considering various tendors for wot-air filters attention 
should be paid to the under-mentioned points :-— 


(a) Air must be brought into most intimate contact 
with a very finely divided spray. 

(0) Large water-ways required in spray nozzles to 
avoid stoppage ; insist on 74 inch diameter as minimum. 

(c) Nozzles discharge water in direction of air flow, 
thus avoiding excessive humidification. 

(d) Adequate filtering of water when it is to be 
re-circulated. 
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‘(e) Uniform distribution of air over the whole cross- 
sectional area of the washer. This is mont ofliciently 
eflected by arranging a straight ontry of tho air into 
the washer and by providing a perforated metal plate 
(say 1-inch diameter holes) at the ontrance. 

(f) Safurated air, atter leaving the spray chambor, 
should be broken into very narrow layers to be brought 
into repeated contact with the wetted surfaces of tho 
sorubber. 

(g) Lips, or some efficient substituto, 10 be provided 
on, the elimination plates to remove completely all {ree 
moisture, 

(h) It will be found that the humidifying eflcct 
depends on the water pressure maintained on the spray 
nozzles. This is useful on warm or humid days, as 
when less moisture has to bo added the pwnping 
_ pressure is reduced by means of the chock valves. 

(+) For some types of water, containing a percentage 
of organic acids, copper plates and fittings are nece~ 
sary. The Water Supply Department are usnally glad 
to advise on this matter. 


4. Degree of Humidification. 


As will be readily understood, from Chaptor I. par. 9 
and par. 1 of the present chapter, the regulation of the 
dogrecs of humidification is largoly a matter of temperature 
control, and this is dealt with fully in the next chaptor, 


CHAPTER VII 
HATERS 


1. Systems of Heating Aparimenis. 


There are two methods in general use of warming an 
apartment, 7 e. -— 


(a) Direct Heateng, in which the heat transmission 
losses through wails, windows, etc., are provided for by 
means of radiators fixed in the rooms to be heated, the 
air for ventilation purposes being warmed only to a 
sufficient degree to prevent complaints of draughts by 
reason of convection currents, and to avoid undue 
cooling of the ventilated apartments. 

(b) Indwect Heating by hot air (or hot blast, ag it is 
termed in the United States), may be adopted, in which 
case the air to be supplicd must be heated to a suffi- 
ciently high temperature (maximum 130° Fahy.) to 
provide the heat transmission losses through wall, 
glass, ete., in addition to that required for hunidilica- 
tion and tempering of the air, Air when treated in this 
way frequently acquires a “burnt flavour,” and it is 
also stated that it has an injurious effect on the nervous 
system, 


The former system (direct heating) is the one gener- 
ally adopted in United States and British Government 
Buildings, the Metropolitan Asylums Board, banks, insur- 
ance offices, etc., and recently installed in the new Regent 
Palace Hotel, the Royal Automobile Club, the Midland 
Adelphi Hotel, Liverpool, etc., and is advocated by the 
present writer after careful comparative tosis of both 
systems. It is interesting to note in this connection that 
direct heating surface has, in many instances, been after- 
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wards added to systems originally designed for indirect 
heating only, although, of course, for factories, cinema 
studios, skating rinks, and buildings of similar typo hol- 
blast heating is frequently preferable by reason of the 
possibilitics of warming large areas when slight draughts 
are not a sqrious source of conplaint, considered in con- 
junction with the absence of radiators, pipes, ole., which 
would otherwise form obstruotions lo the movement of 
travelling cranes, erection of scenery, shalting, machine 
tools, the transport of materials in course of manufacture, 
etc. ' 

In favour of the direct system, it may be said that any 
accident to the fan, motor, or plenum battery will not cripple 
the entire heating system, and the apartment may still be 
usable. Again, the large motory driving the plenum [ans, 
the circulating pump on the air washer, ctc., are only 
required when the apaitment is actually in uso, and not for 
a five or six-hour preliminary warming up, a financial 
consideration when electricity is the motive power. 


2. Heat Units required for Air Conditioning. 


As stated in Chapter T., pars, 6 and 8, tho limits of bem 
perature through which the air has to bo handled are 
30° Kahr. intake (minimum) to approximately 65° ahr. 
discharge to ducts for ventilating installations working in 
conjunction with direct heating systems in tho British Iales, 
thus allowing for 5° drop in transit through the ducts, 
which is an average figure. It was also shown that 
within these limits, and without serious error, as compared 
with the increased facility for figuring, it could be con- 
sidered that 1 B.ThU. will raise the temperature of 58 
cubic feet of air by 1° Fahy. under standard conditions of 
pressure. 

As regards humidification, with the typo of washer 
described (7.¢., not specially built for humidification) the 
air will probably leave the eliminator within 15 per cent. of 
complete saturation at that temperature (1.¢., 85 per cont. 
relative humidity), so that in order to obtain a final condi- 
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tion of 65° Fahr. and 43 per cent. (or 60° Fah, and 50 por 
cent.) relative humidity, which corresponds to a moisture 
contents of 2:9 grains of water vapour per cubic foot of air, 
the spray chamber must be maintained at a temperature 
of 45° Fahr., corresponding to a dew point of 40° Fahr. 
Or conversely, if 2-9 grains represents 85 pqr cont,, then 
3-4 grains represents 100 por cent., and the temperature 
must be such that, if working at 100 por cont. efficiency— 
viz., if the leaving air was saturated—it would contain 
8-4 grains, yet at 85 per cont. efficiency it only contains 
2-9 grains per cubic foot. 

In order to obtain maximum values, assume the intake air 
to be at a temperature of 30° Fahr. and 70 per cent, relative 
humidity, corresponding to a moisture contents of approxi- 
mately 1-4 grains of water per cubic foot of air, so that the 
weight of water to be added is 2-9 grains (final) less 1-4 
grains (initial), viz., 1:5 grains of water per cubic foot of air 
treated. The figures are necessarily based on the assumption 
of existing washer cfficiencics, but these may be improved 
as their use becomes more general. 

Tt can be shown experimentally that the temperature of 
the air will drop approximately 84° Fahr. for each grain of 
moisture absorbed per cubic foot of air treated (this is 
slightly higher than the theorotical figuro) ; hence the drop 
in temperature to be anticipated by the absorption of 1-5 
grains is approximately 13° ahr. por cubic foot, and the 
tempering coils must be designed to vaise the temperature of 
the intake air from 30° Fahy. to 45° Pahr. required for humids- 
fication plus 18° for cooling effect, viz., 68° Fahr.—i.e., an 
increase of 58° less 30°, viz., 28° Fah. In some cases, the 
heating surface required for humidification is placed in the 
settling tank of the air washor, thus controlling the spray 
temperature, but this course is not recommended. 

The re-heating coils will be smaller, as they are only 
required for the duty of raising the temperature of the air from 
that prevailing in the spray chamber to the final tompera- 
ture, viz., from 45° Fahr. to 65° Fahr., or an increase af 
20° Fahr. 


TasLe XXI.—Heat Units Required for Conditioning Air (Tempering 30° to 65° Fahr. and Evaporation 
of 1-5 Grains of Water per Cubic Foot: Air in Cubic Feet: Heat in B.Th.U. per hour). 
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3. Heating Medium to be Employed. 


The usual methods of transforring the heat from the fuel 
vid the furnace to the air to be conditioned are by :— 


(a) Hot Water. 
(b) Steam. 
(c) Hot-Air Furnace. 


Of these the two former are in general use, but the latter 
finds little favour in modern ventilating installations 
(although largely used for the purpose of tea and vegetable 
drying plants) owing to the difficulty of convenient applica- 
tion and the ‘“ burnt flavour” usually associated with air 
treated in this way. 

Hot water, which aust include for mechanical (aceclerated 
or pumped) circulation of the water in order to keep the 
size of the heater and pipe connections within practical 
limits, has many advocates, the present writcr having used 
is extensively, but low-pressure steam is almost cqually 
popular for plenum battery work. 

Steam systems admit of simple, reliable, and rapid 
humidity control, and, in view of the fact that the plenum 
heater frequently forms nine-tenths of the total load on 
the heating boiler, it is obvious that any irregularity in 
its working due to the failure of a fan motor, cte., will 
result in violont fluctuations of temperature on the direct 
heating system. Hence it is a distinct advantage to keop 
the two systems entirely soparate (ospecially when batteries 
of boilers are installed), in which case the largo stoam 
boiler need only be fired about an hour before the fan is 
required, whereas the hot-water boiler may be run within o 
reasonable margin of its full rating continuously for the 
direct heating surface radiators, depending on weather 
conditions, and in this way reduced fuel consumption will 
result, 

Low-pressure steam heating (5 to 10 Ibs. gauge pressure) 
for plenum batteries is favoured on the grdunds of— 


(a) Possibilities of rapid variations of temperature, 
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and hence humidity, due to the comparatively emall 
heat capacity of tho medium actnally in the heater. 

(b) Practical impossibility of failure through froozing 
in severo weather, duc to absence of liquid in well- 
drained systems. 





Fan 
Tscharge 
connected 

here 


Kr. 17.—Weldless Steel ‘abe Heater for Stoam, (By the 

courtesy of Messva, Davidson & Cu., Ltd.) 

(c) Reduction in heating surfaco as compared with 
hot-water heaters, due to higher tomperature (180° 
Fahr. hot water, 227° Kahr. steam). 

It is obviously unclesirable Lo generalise, for cach installa- 
tion must be carefully considered in conjunction with tho 
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local circumstances, but, whethor steam or water is cmployed 
for the heating medium, the heater ix usually constructed 
on the same general method, the only difference being in size 
and positions of connections, air cocks, and areca of surface, 





* Fra, 18 —Gilled Cast-iron Pipe Ilenter, (By the courtesy of Messrs, 
Davidson & Co, Ltd.) 


4. Types of Heaters. 
The fundaniental principles underlying the design of 
hoators aro— 
(@) To pack the maximum amount of heating 
surface into the minimum space. 
(b) To set up minimum resistance to air flow. 


Two chief types of heaters are in general use, viz. :— 
(a) Pipe Heaters (stean. only). 
(b) Cast-Iron Heaters (steam and hot water), 


The general construction of a pipe heater consists of a 
cast-iron box or header into which the two ends of the 
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wrought-iron pipes are secured, In some casos tho 
header is divided internally into two compartments com- 





Fra. 19,—(@) * Bacelsior" Cast-iron Neetional IToatex, 
showing stack built up of mx sections, (By the 
courtesy of the National Radiator Co, Ltd.) 
“municating directly with the inlet and drip (condense or 
exhaust) mains respectively. These arc oxtonsively used 
in the United States. 


Other types have straight instoad of hairpin-shaped 





bra. 19.— (0) “Vento” Cast-iion Sectional enter, showing stack built up of 
ten sections, (By the courtesy of the National Kadiator Co,, Ltd.) 

pipos, inlet headers of cast iron being provided at the upper 

and drip headerg at the lower ends, into which tho pipes 


are sceured by expanding the ends or by means of lock 
nuts, 
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An improvement on this form is the cast-iron heater, 
constructed of stacks, built up of d-inch cast-iron pipe 





Fra. 19.—(@) Section of * Vento” Cast-ron Sectional Teater, (By the 
eomtesy of the Nabonal Radiator Co, Lid.) 








Fi@.19,—(7) Battery built up of § Vento” Sections. (By the courtesy of 
the National Rakliator Co,, Lid.) 


provided with radial gills or fins, which materially increase 
the effective area of the heating surface. 

All cast-iron heaters are woll adapted for use in connection 
with plenum ventilation work in difficult positions. The 
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complete heater is built up of small cast-iron units termod 
sections, which are assembled by means of right anid loft 
handed screwed nipplos into stacks, and theso are in turn 
coupled to cast-iron tee pipes, termed headers, 


TaBLE XXII.—Surface and Free Area of “‘ Excelsior ” 
Cast-Iron Heaters (National Radiator Co.), 


eee re imrnerterneereneee eenntntertnrrot sottneinnsnetneenmrt me Sree TAN 





Spacing of Boer sae 
Typo, Contros Hy DOr ans. Romarks,- 
(inches), See 
Narrow . 33 26 Heating surlace is 12 sq, 
Regular . 8% 34 feet section. Dimensions 
Wide : 43 42 362 & 8 x 24 inches, 
Tapped for Lh-inch pipe. 
Weight is 50 Iba, 


Always use the “ Regular” nipple whenever possible, in 
order to avoid delay in delivery. The maximwn number of 
sections to be formed into one stack is limited by the quan- 
tity of heating medium (3.Th.U.) that can bo efficiontly 
passed through the 1}-inch tapping. 

For hot water figured on 20° drop, B.Th.U. at a volovitiy 
of 3 fect per second equals 162,000 B.Th.U, 

For steam at 5 Ibs. gauge ab a velocity of 4,000 leet por 
second, B.Th.U. oquals 139,000. 

Friction drop of heating medium in its passago through 
the heater must be independently figurod in conjunction 
with the head available (Ibs. pressure per square inch for 
steam and feet of water column for a foreed hot-wator 
system. 

A later and more efficient typo is the “ Vento” heater, 
also sold by the National Radiator Co., but chiofly used in 
America up to the present, of which the fullest possible por- 
formance information is published, This is a valuablo feature 
when designing fr closely priced and specified results), and 
a practice which is unfortunately uncommon with Inglish 
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contractors wnd manulseliuers, many of whom still eon- 
tinue to rete their apparatus in “Jength of d-inch pipe,” 
and then complain of foreign competition, 


Tanun XXLLL—Surface and Free Area of ‘' Vonto’’ Casi- 
Iron Heaters (National Radiator Co,, Lid.). 





Tloating Bt fea ree 
yor Soation (xy, fovt), Spauing | Aron por 
Hoight of of Cont, of 
Section Conties | Cross Romarka, 
(inchos), | Regular | Narrow (inehox). Area 
Of inches | OY invhes Qvoupiod, 
wido, wide, 
40 10°75 750 4 37 All tapped 24 inches 
50 13°50 9°50 5 44, Left and Right 
60 L600 | LL00 na 2 Nanded, Weight 
in 82 Ibs. per sq, 
foot of surface. 





Tt will be seen that numerous combinations can be mado 
between the differont hoights, widths (regular and narrow), 
and spacings, either or all of which are interchangeablo. 

When steam and condense connections are ou one sido of 
the stack tho number of seotions per stack with a 24-inoh 
tapping should be limited to 18; with steam and vondenge 
at opposite ends this may bo increased bo 80. In obhor words, 
not more than ebout 400,000 BTU, por hour at & lbs. 
gauge and a pipe valovity of 4,000 Coat per socand should be 
taken from one stack wader these conditions. 

For hot wator, as tho sections aro tapped 24 inches, 
figuring on a 20° Bahr. drop at a water velocity of 3 feet 
por second, tho maximum safe heat possible per stack is 
460,000 BTU, 

Theso cast-iron heaters, which occupy L6 por cent, less 
than a pipo coil of similar arca, aro well adapted for use in 
connection with plonwn ventilation work, being oxtromely 
convenient to handle, absolutely interchvhgeable, admitting 
of reconstrnetion or extension of the system, with minimwn 


TasLe XXIV.—Air Friction of ‘‘ Vento ’’ Cast-Iron Heaters (Inches W.G.). 
48-inch, 5-inch, and 53-inch Centres. Regular (R.) and Narrow (N.) Sections. (National Radiator Co.). 





Air Velocity through Free Area of Heater (feet per minute). 




















Spacing 1,000. 1,200 1.400 1,600. , 1,800 
{inches). k 
N R el a R | N. | R. | x OR | x a 
greene |} | __,_+-- —}-—_.-_-__,— & 
43 032 063 050 090 072 122 098 160 128 -202 | -162 = 
5 030 059 CLT O8t 067 “115 092 ; -150 120 6-190 | -152 oA 
i 
52 027 052 O42 OTL 061 | 101 083 1382; -108 -167 | -137 





Friction loss is in inches of water gauge per stack. For batteries containing more than one stack, 
multiply the appropriate loss for one stack (obtained from Table XXIV.) by the number of stacks deep 
~ in the direction of air flow, to obtain the total loss of static head. 
* Some suggested velocities for air low through the free area of heaters are given in Table XXVI. 
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scrapping of old parts, are free [rom rust troubles, and are 
easy to replace in the remote event of failure of a section, 


5. Velocity Through and Loss of Pressure in Heaters. 


Air in passing through heaters of any typo sets up fric- 
tional resistance, the value depending on the velgcity of tho 
air, the depth of the heater in the direction of air flow, and the 
finish (smoothness or otherwise) of the surface. 


TasLe XXV.—Air Friction of Pipe Heaters (Inches W.G.), 
One-inch coils on 23-inch Centres (Thompson). 


Aur Volocity Number of Stacks deep in Diroction of Ain Flow. 
through Free a es ess ce Sa OY, Bs 





Axes (fool por 
minuto), 4 Rows. 8 Rows. 12 Rows. 16 Rows, 
600 0-04. 0:06 0:09 0-15 
800 0-06 0-10 0-15 O-LO 
1,000 0:09 0-15 0:21 0:30 
1,200 0-12 0-21 0-31 0-48 
1,400 0-17 0-30 0-45 0-60 





TaBuy XXVI.—Suggested Air Velocity Values for Various 
Heaters (through Ireo Arca of Heater : W. H. Carrier). 


Total I’an Pressures (Inchos of Wator), 


No, . 
Stacks : at Industrial Plant 
loep in Public Buildings Be , 
Dereetion (Quiot 2unnin rs (probably more or loss 
"of Air naisy). 
Flow. 
+ 1 14 1} Lt 2 Qh 


seen | tenement | ten tl | reer | panes yamretnanathnredtit 


990 | 1,140 | 1,280 | 1,400 | 1,510 | 1,610 | 1,800 
885 | 1,020 | 1,140 | 1,250 | 1,350 | 1,440 | 1,610 
810 930 | 1,040 | 1,140 | 1,230 | 1,820 | 1,470 
745 860 960 | 1,055 | 1,140,| 1,220 | 1,360 
700 810 910 995 | 1,070 |} 1,150 | 1,280 





4 
5 
6 
7 
8 
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The table is based on the assumption that the pressure 
losy through the heater shall not exeoed 50 por cont. of total 
static pressure sct up by fan. Variations above and below 
these values are of course common in every-day practico. 
In fact, the whole design is usually one of compromise 
between tlte model conditions desired by the ongincor and 
impossible cubic space provided by the designer or ownor of 
the building. 


6. By-Passes. 

In order to obtain rapid variations of temperature and 
materially to reduce the frictional losses caused by the heater, 
when it is not required to warm the air, dampors should be 
provided under both the tempering and re-heating coils, 
so that air can pass straight to tho fan and on to tho washer 
and. ducts without passing through the larger part of the 
heater, 

Frequently the dampers are made equal in area to not 
less than 10 or more than 15 per cent, of tho gross area of the 
heater. 

When dampors aro larger than 20 inches by 36 inches 
they should be made of the lowvred pattern to reduce 
the action of tho air on them as much as posssiblo, and 
especially is this nocossary if they aro to be automatically 
controlled. 


7. Surface Efficiency of Heaters. 

The efficiency of any plenum heater depends on two 
factors— 

(a) The velocity of air through tho heator. 

(b) The difference in temperature of tho air and tho 
heating surfacc (which in the case of steam heating 
depends to a small extont on the pressure). 

The velocity of air through a heater is limited by tho 
head of air pressure (static head) available to componsate 
for the friction toss in this part of tho air circuit, and in this 
connection it will be romombored that friction loss is pro- 
portioned to the square of (not directly ag) the velocity, 
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TABLE XXVIL. 


(By the 


-Heating Surface Efficiency Curves. 


courtesy of the National Radiator Co., Ltd.) 
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Usually in public building ventilation the velocity through 
tho freo aroas of the heater (which with Regular “ Excolsior ” 
sections on 34-inch centres is 34 per cent, of gross CroNt= 
sectional area, and with “ Vento” sections 50 inches high on 
5-inch contros is 44 por cont. ditto) is of the order of 1,200 
feet por minute; but in cortain casos the writor has been 
forced to work up to 1,600 feet por minute, with corro- 
spondingly high friction losses and running costs for clectria 
current, when space has been extremely limited. 

The depth of the heater in the direction of air flow doponds 
upon the total heating duty required. Obviously, after the 
air has passed over the first fow stacks it approaches more 
nearly the temperature of the heating surface; henco the 
transmission is reduced and additional stacks have not o 
proportionate heating value, so that it is excoptional to 
design a battory of more than five or six cast-iron stacks 
deep in the direction of air flow. 

The efficiency curves clearly show— 

(a) The reduced efficiency of the hoating surface 
of additional stacks, 

(0) Increased officiency of heating surface at higher 
air volocities. 

Under similar conditions, but with wator at a mean 
tomporature of 180° Fahr., the total of B.Th.U. transmitted 
per hour is about 75 per cont. of that with steam at 5 Lbs. 
gauge (227° Tahr.). 

To obtain the same increase in tomporature with incoming 
air at same temperature and other conditions equal, the 
velocity of air will have to bo reduced to 40 per oent, of that 
figured for steam 5 lbs. gauge (227° J'ahr.). 


8. Quantity of Heating Medium Required. 

The quantity of heating medium, cither hot wator or 
steam, required for conditioning the air can bo rapidly 
obtained if heat values are all roduced to the B.Lh.U. basis 
instead of utilising the hopelessly antiquated and misloading 
“square feot of radiating surface,” or, worso still, the 
“equivalent length of 4-inch pipe ” rating, 
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Tho British Thermal Unit is defined as “ That quantity of 
heat which is required to raiso ono pound of wator through 
one degrco Fahrenheit” (strictly speaking, from 32° to 
33° Fahr.). It has been also shown (Chapter [., par. 8) 
that it will also raiso 53 cubic fect of air through the same 
limits of temporaturo.* 

Considering a hot-water system, the maximum working 
temperature (to avoid joint {rouble duc to excessive heating 
ot baking of the jointing compound and also generating steam 
in the boiler) is 190° Fahr., ancl in order to obtain reasonably 
consistent results from all radiators the velocity of flow of 
water, and hence pipe sizes, are first figured on a 20° drop 
or difference between flow and return, giving a mean tom- 
perature in the system of 180° Tahr. One gallon of water 
weighs (for practical purposes) 10 Ibs., and therefore cach 
gallon contains for heating purposes :— 


10 Ibs. & 20° Fahr. = 200 B.TLhU. 


Examrie 15.—Therofore, if a heater be divided into ten 
stacks of two tiers, ¢.¢., ive stacks on the ground and five ditto 
immediately above, water required would be ~~ 


(a) For heater :-— 
1,000,000 5,000 gallons per hour, or 
200 8d. » 9 Minute, 


(b) Per stack :—~ 
3,000,000 { 500 gallons per hour, or 
10 x 200 Bd, » minute. 

In figuring steam systoms the heat utilised is that which 
was absorbed when the water was evaporated into steam, 
termed the “‘ Latent Heat of Vaporigation (Steam),” or, 
briefly, ‘“‘ Latent Heat,” and which is available when tho 
steam is again condensed to water, the condense being 
returned to the boilor as hot as possible, to bo again con- 
verted into steam. 

In low-pressurg steam heating work the gauge pressure 
adopted is genorally 5 Ibs. por square inch, the latent heat 


* One boiler horse-powor is oquivalont to 30,000 B.Th.U, 


TABLE XXIX.—Steam Required for Heater. 





British Thermal Units per Hour. 














50,000 100,000 250,000 500,000 | 1,000,000 + 2,500,000 | 5,000.000 
j ‘ 
ne oe \ 
Boiler horsepower. - se sO6 | 33 83 16 33 83 166 
Lhs. of steam per hour : ; : 52s 104 260 520 1.046 2.600 5.200 
c) | j i { 
Gallons of condensed water per hour - 5-2 | 





OG 
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in B.Th.U. per lb. of steam corresponding to this pressuro 
being approximately 960, and the teyporature of tho steam 
228° Fahr. (Tor details of “ Atmosphoric,”’ ‘ Vacuum ” 
and other systems, further information on latent heat of 
steam, etc., the reador is referred to toxt-books doaling 
exclusively with the subject of heating). 

Therefore, considering the hot-water problem dealt with 
on page 89-— 


Examrie 16,—Steam 1equired — 


(a) For heater, a == 1,040 Ibs. steam per hour. 
1,000,000 __ 


10 x 960 





(b) Per stack, 


Ol 2? 22 ” 2? 


9. Arrangement and Casing of Heaters. 


The control of the final temperature of the air and the 
regulation of the humidity on steam heators is offectedt 
either by reducing or increasing the amount of heating 
surface in use or by mixing cold air with the heated air in 
varying proportions to obtain the desired results. In hot- 
water heaters there are the additional alternatives of varying 
the temperature or tho quantity of water, 

Of these tho variation of surface and the dumper methods 
are most popular. The cast-iron heaters are made up of 
individual units called sections, assembled by means of 
right and left hand threaded nipples into largor units called 
stacks, and these aro fed [rom a header or main pipe. 

In pipe heaters wrought-iron pipes are fixed into the 
cast-iron boxes called sub-headers forming stacks, and cast- 
iron heator sections are also formed in stacks, both of which 
in turn will be connected to the feed pipe, called the main 
header. Successive stacks should be staggered, 7.¢., tho 
sections of one stack placed. opposite the spaces of the other, 
so that the air takes a zig-zag cowse through tho heater 
and thus becomes*thoroughly heated. 

Hach of the stacks should be connected through separate 
valves, on both flow andreturn, on to the main flowand retwn 
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Flow v4 


- Header 





Fig, 20.—Plenum Battery for conditioning 24 million cube Leet of 
an perhour. (Constiucted with “ Excelsior” cast non sections 
of the National Radiator Co , Ltd.) 


headers, so that on mild days only one or two of them are 
used and on cold days all stacks are opemed up. 

Heaters are usually cnclosed in a sheet-iron case of 
20 B.W.G. up to s-inch plato, stiffened by 14-inch angle 
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iron frame work, Vrequently brick or concroto walls, floor, 
and ceiling form three sides ol a heater, sheet iron which 
is easily removed for inspection or repairs being addod to 
enclose the fourth. 

Heaters are froquently supported either upon light T irons 
%-inch pipe, $-inch bar resting upon a brick foundation, or 
8-inch channel fron, 4-inch by 8-inch R.$.J., ote. 

Connections between tho fan and heater casing should he 
carefully designed to avoid undue loss of air pressure in 
converting from static to velocity head. 

Tf the angle between the conncction and the sido of the 
fan is 100 acute, a considerable portion of the heater may be 
ce dead.’ 


Tasty XXX.—Length of Heater Connections to Fan 


(Carrier). 
Capacity of Fan Minimum Distance from Tan 
(Cubio Feot of Au per Minute). to Toate. 

6,000 LM. 6m. to 2 ft. 
8,000—1 6,000 2 ft. to 21. Gin, 
16,000--—27,000 3 ft. 
27,000 —47,000 3 ft, Gin. 
47,000—65,000 4 ft. to 4 ft. 6 in, 


* Nesirable Lo adhere to 12° to 380° rule, 


10. Automatic Control. 


It is useless sinking considerable sums of money in 
equipping a building with a first-class ventilating plant, 
capable of maintaining ideal atmosphovic conditions and 
yot failing to provide for the efficient operation of it, a 
practice unfortunately all too common in this country, 
and one which has been largely to blamo for tho many 
“ failures ” recorded. 

Attendants with brains are difficult to find, cost mouey, 
and oven then constant attontion is necessary to forecast, to 
follow and allow for all the vagaries of our climate, ‘Thiy 
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being so, automatic regulation should be adopted whorover 
funds allow, and the brawn (not brain) work of firing tho 
boilers and cleaning of plant only, left to the attendant. 

Automatic control apparatus is divided into two 
parts, 7.e.— 


(a) The instruments which sample ¢he conditioned 
air. 

(b) The valves which control the supply of heating 
medium to the various parts of the apparatus, or the 
position of dampers, and are in themselves actuated 
either directly or indirectly by the sampling instruments 
as required. 


Sampling instruments are termed “ thermostats ” when 
affected by the temperature of the dry bulb, and “ humido- 
stats ’’ when effected by the temperature of the wet bulb or 
by the relative humidity of the air. 

The tendency now is to combine temperature and humidity 
control, and various types of apparatus, some more or less 
of an experimental nature, are offered by several makers. 

There are three variables in: connection with automatic 
temperature and humidity control, 7.e.— 


(1) Temperature of air leaving Naan weight 
tempering coil of moisture 
(2) Temperature of spray wator J absorbed, 
(3) Temperature of air leaving reheating coil 


Generally speaking it is the latter which affects the 
comfort of the apartment most directly, and is therefore 
looked upon as the basis of operations. A dry bulb thermo- 
stat is therefore installed somewhere in the ducts where a 
fair average sample of the air leaving tho conditioning 
apparatus can be obtained, which controls the heating 
medium supplied to the re-heating coils, maintaining the 
dry bulb temperature at 65° Fahr, 

In par. 2 of this chapter it was stated ‘that the conditioned 
air should be at 65° Fahr. dry bulb temperature and 48 per 


= 
pas} 
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cent. relative humidity, which corresponds to a wot bulb 
depression of 12° Fahr. It will thus bo obvious that if 
some form of humidostat or wot bulb thermomotor is also 
placed in the conditionod air duct and counceted to a supply 
of heating medium which wil] directly affect the tomporature 
of the spray water, te. the tompering coils or heating 
surface placed directly in the settling tank of the air washer, 
the humidity will be automatically controlled, for any 
increase or decrease in the duets will result in more or loss 
heat being supplied to the spray water, cither directly or 
indirectly, and hence to a correction of the humidity. When 
heating coils are placed in the settling tank a further thermo- 
stat should be fixed to take the temperature of the external 
air and admit heating medium to the tempering coils in 
hard weather. 
Control apparatus may be classified into two types, 
viz.— 
(a) Sampling instrumonts which supply the onergy 
from within thomselves to operate the valves on the 
heat supply or the by-pass damper. 


(b) Sampling instruments which moroly control tho 
motive powor operating the valves on tho heat supply 
or by-pass dampors. 


Tho present writor prefers to control the supply of tho 
heating mediun rather than to altor tho positions of dampors, 
ag tho latter arc generally badly placed as regards air flow, 
causing whirls, eddios, and othor losses, and are expensive 
to design for accurate balance, which is ossontial if they aro 
to be operated by lower power. 

Thermostats and humidostats arc dealt with moro fully 
in Chaptor 1X. 

Unfortunately the whole subject, as is tho cago with the 
majority of details connected with ventilating plant, has beon 
sadly neglected by English ongincers, and we are therefore, 
with one or two exceptions, dependent on the United 
States imported*apparatius for carrying out this important 
work, 
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11. Pipe Friction and Fittings, Boilers, and Flues. 


In order to keep the size of the present volume within 
practical limits it is considered undesirable to digeuss here 
in detail accurate pipe sizes, hoat losses from lagged and 
unlagged pipes, pipe fittings and design of pipe-work 
methods of accelerating ‘flow in hot-water, systems and 





Ire, 21,—-Batiory of Cast-iion Sectional Low Pressure ITol Water Boilers, 
for a duty of 2,000,000 B.Lh.U, por hour on the five-hour stoking rating 
(National Radiator Co.), 


returning condense to boilors in steam systems, stcam traps, 
feed tanks and pumps, air valves, boilers, automatic regu- 
lators, safely valves, thermometer, steam, and altitude 
gauges, etc., etc. Readers desiring further information on 
these points, which are of course closely connected with 
ventilating plant, are therefore courteo sly referred to books 
dealing exclusively with the subject. 

The efficiency of any air condit'oning ingtiallation depends 
directly upon the efficiency of tho heater, and this in turn 


TABLE XXXI—Areas and Heights of Chimney in Feet (National Radiator Co.). 








K Hesght of Chimney (feet). 
* Area of Flue 








(sq. inches). 
. 25 | 40 ; 55 | 70 85 
: 
36 80.000  * 100,000 115.000 130,000 | 145,000 
49 105.000 130,000 150,000 170,000 190,000 
Bt 135.000 170,000 , 200000 | — 230,000 260,000 
81 170.000 920,000 255,000 | 290,000 | 325,000 
100 210.000 275,000 315,000 355.000 ' 395,000 
121 970.000 . 330,000 400,000 450,000 + 500,000 
14 303,000 390.000 450.000 510.900 570,000 
162 350.000 440,000 510,000 580.000 650,000 
196 490,000 530.000 620,000 700.000 780.000 
995 485,000 610.000 710,000 800,000 890.000 
252 540,000 680.000 800,000 900.000 1,000.600 
289 620,000 780,000 920,000 1.630,000 1.140.000 
394 700.000 880.000 1,030,000 1.160 000 1.290.600 
361 770,000 980.000 1.140.000 1.280.000 1,420.000 
400 860,000 1,090.000 1,260,000 1,420,000 1'580.000 
B16 1,235,000 1.500.000 1.750,000 2,000,000 250.000 





For well-constructed flues the above dimensions may be reduced by 10 to 20 per cent. 


The figures given under the varying heights of chimmeys represent the boiler capacities in B_Th.U. per hour. 
A square or round fine is to be preferred. but rectangular shapes may be used if the area is equal and the difference 


between width and length is not extreme. (See Table NIV., Chapter IV., ~ Equalisation of Area for Round and 
Rectangular Pipe.) 


SUL Val IL 


A 


98 MODERN METHODS OF VENTILATION 


on the boilor and on the boiler flue, all of which must be of 
ample capacity. 

Of the total heat available in coke or anthracite approxi- 
mately 8,000 B.Th.U, per Ib. weight consumed in the boiler 
is available in the heating medium. 

Air supply is required for complete combystion at tho 
rate of 20 to 25 lbs. per Ib. of fuel burned, say, 270 cubic foot: 
measured at 70° Fahr, 

Hence the total quantity of air required is :— 


Total boiler-power per hour in B.Th.U. x 270 _ aoa 


8,000 x 60 
of air per minute. 

As regards the gases to flue, these will bo at a much 
higher temperature, probably 450° Fahr,, and honce volume 
will be 1-7 as great, viz., 460 cubic feet por lb. weight of fuel 


burned, 
Therefore volume of flue gases measured at 450 (omitting 


weight of fuel, which is only about 4 per cent. of total) is :— 





Total boiler-power per hour in B.Th.U. x 460 ‘cite Boab 
8,000 x 60 ~ 
of gases to flue per minute. 


Draught intensity of a chimney is proportions to its height. 
On the other hand, draught losses vary as the square of the 
velocity ; hence the necessity of figuring on low speeds, 
both for the air supply ducts to boilor-house and for the flue 
gases, if natural draught is adopted. To avoid extended 
calculation for the latter, Table XXX, is appended. 


CHAPTER VII 


OZONT 
1. Properties. 

Many ocxperiments have been mado and much thought 
devoted to the problem of ascertaining whorein lies the 
fundamental difference between the atmosphere of a bracing 
and invigorating seaside town and a so-called relaxing and 
depressing inland town under similar conditions of barometer, 
thermometer, and hygrometer. 

Oxygen, of course, has a stimulating effect on the nervous 
system, being frequently used by medical mon in casos of 
severe prostration, but this gas is usually found in almost 
equal proportions in all localities. 

About 1785 chemists observed that there were two forms 
ol oxygen, one of which had slightly highor oxidising 
propertios than the other, and to this lattor, which is a 
peculiarly strong-smelling substance, was given tho naino of 
Ozone. 

Tho convorsion of oxygon into ozone is expressed chemi- 
cally by the eqration 

Og -+ O = Oz, 
or Molecular Oxygen ++ Nascont Oxygon == Ovono. 


This is an unstable compound, the third atom readily 
combining with other bodies to form oxidos, thus rondoving 
it a powerful sterilising agent. 

Analysis has shown repeatedly that ozone, which is 
probably formed in nature by tho action of electric dis- 
charges during thunderstorms, the silent discharges [rom 
clouds, the evaporation of saline water, as in sea foam, or 
the action of sunlight on clouds, is found in greator quan- 
tities in the open country and at the seaside than in manu- 
facturing towns, where it is cither absent or only oxists in 
minute and practically untraceable quantitics. 


ng 
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This phenomenon is of course to be anticipated in view of 
the comparatively large quantities of carbon, sulphur, 
phosphorus, and other undesirable compounds liberated 
from factory chimnoys. 

When ozone is manufactured artificially in a pure state 
and introduced into the fresh air ducts in the proportion of 
0-2 to 1:0 parts in one million parts of the entering air 
(London tube railways 0:3 to 0-4 part) it imparts an agreeable 
and refreshing odour, and is said to produce an invigorating 
offect similar to that experienced during a visit to a bracing 
resort, although the benefits or otherwise to be derived from 
the use of ozone, necessarily in such minute quantities, are 
still a matter of discussion. Ozone has also proved of value in 
assisting to neutralise smells in kitchens, urinals, under- 
ground cafés, smoking rooms, and manufacturing processes, 
but in the latter case the concentration is considerably 
stronger. Jt is generally held that ozone should provo of 
considerable value in ventilating systems designed to re-use 
re-circulated air, but in this, as in the question of the 
essentials of ventilation, engineers are still awaiting a 
definite lead from the chemists and physicists. 


2. Methods of Production. 


Whilst there are several chemical mothods of producing 
ozone, they are quite unsuitable as at present developed for 
its manufacture on a commorcial scale, and, since high 
tension electrical discharges are always accompaniod by 
the production of ozone, it is this method which has been 
recently developer. 

Great care has to be exercised in tho design of suitable 
apparatus to avoid the production of oxides of nitrogen, 
which irritate the membrane of the throat, and also to 
avoid high temperatures in the apparatus, for the compound 
disintegrates at a temperature of 100° Contigrade into 
oxygen again. 

These differences are overcome by utilising the principle 
of a silent alternating current clectrical discharge across a 
dielectric which fixes the width of the gap. The efficiency 
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is also reasonably high, being of the ordor of 600 grammes 
per kilowatt hour ; hence tho cost of operation for ordinary 
use is negligible. 


3. Apparatus Employed, 


The ozoniscr as employed by Ozonair, Lid., consists 
essentially of two metal gauzo electrodes or conductors, 








Fig, 22.—Ozone Apparatns. (By the courtesy of 
Messra, Ozona, Tat.) 


separated by a non-conductor or diclectric. The two 
electrodes, acting cither as a complete unit or built up with 
others to form larger wits for greater output, are hold in 
position by clamps of non-conducting material, protected by 
strongly meshed wire, and enclosed in a galvanised iron 
case, 

At the bottom of the caso is a removable frame which 
contains a layer of absorbent wool usod to filter tho air 
passing through the ozoniser. The suction pipe froquontly 
communicates with the fresh air and the, delivery pipe to the 
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intake to the fan, thus utilising the suction pressure of the 
fan to draw the required an.ount of air through the appa- 
ratus, 

Electricity on the alternating current single-phase system 
at a pressure of 6,000 to 9,000 volts, is supplied from the 
small static iransformer fixed at the side of the case to the 
electrodes, causing the silent discharge and the production of 
ozone. 

The static transformer can be wound for any alternating 
current supply voltage and periodicity, When a con- 
tinuous current only is available a small rotary converter 
for producing alicrnating curront has to be added, but 
this is not a sorious affair, as the size is only about 2 foct by 
2 feel by 2 feet. 

Regulation of the intensity of ozone is obtained in five 
steps by a small switch connected to the low-pressure 
winding of the transformer or in the direct-ourrent side of 
the converter, 


4, Bibliography. 
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CHAPTER IX 
INSTRUMENTS 


1. Short Range Thermometers. 


The limits of temperature of any indoor apartment used for 
living purposes in this country will seldom exceed a minimum 
of 40° ahr. or a maximum of 90° 
Fahr., and it is therefore unnecessary 
and inconvenient to use ther- 
mometers having scales graduated 
from — 30° through zero up to 250° 
Fahr., which, strange to say, are 
quite common. Further, thermo- 
meters which are frequently con- 
sulted should be casily road and 
reasonably accurate. Brass scales 
tarnish and rapidly become usoloss. 
The present writer therefore speci- 
fies a black spirit thormometer, 
having white colluloid scale, ongraved 
with black figures, the limits being 
40° Jahr. to 90° Fahr., giving an 
excellent open scale, 

While not quito so accurate as 
the morcurial type, the advantagos 
more than balance any very slight 
error in this respect. 

In very large vontilating installa- jg, 23.— Short Seale 
tions, in which it would require Spirit Thermometer, 

: (By the courtesy of 
almost the whole time of once man Mossus. Negrettt © and 
to inspect the thermometers fixed in 4mbra) 
the various apartments, an extremely useful instrament 
8 the Distance Thermomoter. whorchy the temporature of 
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(a) Instrument and Plugboard for connecting tu 
difforent el: cuits, 





b) Thermometer Bulb containing 
: g 
platinum wire resistance. 


Fig. 24,—Distance Thermometer and Switchboad. (By the 
comicsy of the Cambridge Serentifie Instaument Oo. Ltd.) 


any apartment, regardless of distance, can be read on a 
single instrument placed at a convenient point, such as the 
resident enginecr’s office, the boiler-room, ete, 
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Tho principle upon which these instriunonts aro based 
is very simple, and depends upon the fact that tho olectrical 


a 
A 
am 


= 
z 





Fra, 26.—(a) Regitherm complete, (By the courtesy of the National 
Radiator Co, Ltd.) 


“ 


AAA: pi ails 





- , 
a™ Eee: a 


Fra. 26,—(4) Regitherm, Details of Metal Bellows, (By the cou teay 
of the National Radiator Co, ltd.) 


resistance of a platinum wire varies with its temperature 


in accordance with a well-known law, 
By means of the “ Wheatstone Bridge” principle of 


balancing electrical resist ancos Lhe resistance of the platinum 
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wire is measured merely by inyerting a plug in a hole on the 
switchboard, corresponding 10 the apartment the tempera- 
ture of which it is required to ascertain, and reading the 
equivalent of the resistance from the instrument directly 
in degrees Fahr. Con- 
necting wires consist of 
ordinary good quality 
qs or gk clectric bell or 
telephone wire, the cur- 
rent required being 
supplicd from a small 
two-volt accumulator, an 
adjusting scrow on the 
instrument being pro- 
vided to compensate for 
variations in voltage of 
the accumulator, 


2. Thermostats. 


Thero are various 
mechanical forms of 
thermometer on the 
market which depend 
for their action wpon 
the woll-known fact that 
many metals and liquids 
expand with increase of 
tomperature, 

F1q.25,—(c) Regitherm connected up to This principle is 
brag wave. (04 the cowlety of usitised in the various 
forms of automatic tom- 
perature control apparatus now available, in which tho 
expansion of a motal is utilised either to close or open 
a valve, governing the flow of compressed air or water, 
or to close an electric circuit, or to operate a serics of levers 
connected to dampers, etc.. 

Provision is usually made for controlling the amount of 

movement, frequently by an adjustable spring, so that the 
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instrument can be sot to operate at any temperature desirod 
within its range. 

The Regitherm is one of the direct operating type, the 
operating mechanism of which contains a very volatile 
fluid, which under the action of hoat vaporisos and oxorts 
considerable pressure on a diaphragm, which is free to rise 
and hence operate levers or wires connected 
to dampers, valves, etc. 

The ‘‘ Johnson ” thermostat is one of the 
type using compressed air, which operates 
valves, dampers, etc., by controlling the 
flow of air at a pressure of 15 lbs. per sq. 
inch. By the action of heat on the com- 
pound metal strip fixed at the bottom of the 
instrument the orifice is opened or closed, 
the flow of air to the diaphragm-opcrated 
apparatus being affected accordingly. 

The Steam Fittings Co.’s (English) con- 
sists of a contact thermometer and clectro- 
magnetically (solenoid) controlled valve. 





ra, 26, 
proosed Air 


(a) Gom-« 


Whenever the temperature is reached for 
which the contact thermometer is sol a 
current flows (from a two-volt accumulator, 
or the supply main) through an clectro- 
magnet and closes the hoat control valve. 
Immediately the tomperaturo drops 1° to 2° 
the contact on the thermomoter is brokon, 


Thermostat, 
Thermomater 
Bulb containing 
compresred  aiy 


controlliug unde 
chanism, (By the 
courtesy of the 
Johnson Service 
Jo, ated, Mil. 


: waukee, Wis, 
the clectromagnet loses its onorgy, and tho ee 


valve roopens. Tho consumption of the electromagnet 
when in circuit is equivalont to 200 houry’ continuous use 
for one Board of Trade unit, or probably 500 or 600 
working hours. 


3. Wet and Dry Bulb Thermometers (Hygrometers). 


In order to ascertain the relative humidity of the air, 
two of the thermometer tubes referred to in par. L are 
mounted together upon the same backing, but separated so 
that one cannot iniluence the other. The bulb of one of these 
thermomotors is covored with a muslin cloth, which is kept 
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T-2-Oompound Meu Strip. 

G— Ouilice, 

V—Valves connected — to 
diaphragm ~ operated 
valve, 


F14.26,—(%) Compressed Air Thermostat, Details of Aw Controlling Mechaniin. 
(By the courtesy of the Johnson Service Co., L-td., Milwaukee, Wis.) 


moist by immersion in a small flask of 
water. The evaporation of moisture 
from this muslin cools the thermo- 
moter bulb so that the temperature 
registered by this thermometer is 
lower than that registorod by the 
dry bulb thermometer, As the rate 
of evaporation from the wet bulb 
is dependent upon the relative 
humidity of the surrounding atmo- 
sphere, the degree of cooling, or the 
difference in the readings of the 
two thermometers, bears a definite 
relation to tho relative humidity. 

As we havo standardised the room 
temperature as registered by the dry 
bulb at 60° Fahr., the calculation of 


a 
© 
t 
rf 
R 
® 
a 
® 
a 
= 





Fig, 26, —— (¢) Compressed 
Air Thermostat.  Dia- 
phragm-operated Contro} 
Valve, (By the courtesy 
of the Johngon Nervice Co, 
Lid, Milwaukeo, Wis,) 


the relative humidity from the wet bulb deprossion can be 
easily obtained:from the Psychrometric Chart. 
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4, The ‘‘ Kata ’’ Thermometer. 


An interesting development of the wet and dry bulb 
instrument, termed the “ Kata” Thormometer or “ Comfort 
Meter,” is due to 
Dr. Leonard Fill, 
who, as proviously 
stated, is of the 
opinion that the 
fundamental principle 
of ventilation is not 
one of chemical purity 
of the air supply but 
of its physical effect 
on the skin, 

This instrument, 
which consists of two 
large - bulbed spirit 
thermometers, one 
having the bulb fitted 
with a cotton finger- 
stall, is designed to 
measure the rate af 
cooling of the wet and 
dry bulbs at or about iia. 27, — Ilectromagnetic Thermostat, 
body temperature. The (By the courtesy of the Sleam Iittings 
method of using is to Co, Lid, West Drayton.) 
fix the two bulbs into a olip and plunge thom in water 
until a temporature well in oxcoss of 110° Fahr. is 
registered. Tite instrument is then removed, suspended. in 
the air, the dry bulb dried, the excess moisture jerked off 
the other bulb, and rate of cooling from 110° to 100° and 
thence to 90° Fahr, of each bulb registered by stop-watch.* 
Tho dry bulb loses heat by convection and by radiation ; 
the wet bulb also loses heat by evaporation (sweating) of the 





* The samo bulb may be used for both readings, the cotton finger stall 
boing pul on for the wet reading Each “Kata” haa its factor determined 
by which tho readings are converted into miero-calories por square em. of 
surface por socond 
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skin, so that if the instrument is 
calibrated under ideal atmospheric 
conditions there appears to be no 
roal difficulty in reproducing these 
conditions artificially in a venti- 
lated apartmont,* 


5. Humidostais. 


Humidostats are mercly wet 
bulb thermostats which are in- 
stalled to control automatically 
the wot bulb temperatures in 
exactly the same manner ag the 
thermostat controls the dry bulb 
tomperature, the difference in 
degrees Fahr. for which the two 
are sol governing the relative 
humidity of the conditioned air, 





Fra. 28—Web and Dry Bulb 


Thermometer (Hygometer). 6, Polymeters. 
(By tho courtesy of Messrs. ; ’ ; 
Negrotti and Zambra.) The Polymeter, as designed by 


* Tho readings from tho dry bulb of tho “ Kata” givo tho rato of heat loss 
by radiation and convoction ; that from tho wot bulb by radiation, conyoction 
and ovaporation, and tho diforonce in tho two Loacings 14 obyiously tho rato of 
heat losa by evaporation alone, Dr. Mill has kindly supphod ihe author with 
tha following vosults, 


Tlent Low tn Micro-Caloites por Square 
enn of Sua lace Area pet Becond a 
Lomporutiuad of body 


re wetter tte te cm Tantei 


‘Typo of Atmogsphory, Radiation 
Hvaporbter eau Rivgpore 
an in tion 
Cons vetion | COyvection. 





Stagnant air : : ; ‘ F 15:0 deo5 105 
Bright, plonsant May day out of doon . 27:2 75 19-7 
Fino, bracing sping day 7 : ‘ 3407 118 22°09 
Agunny, warm day in May . R : 10-6 63 13-3 
{ndoo1 conditions to be produced hy 

ventilation : P : : 18-20 7-10 10 


For furthor details of thig intorosting subjoct, seo Reports to tho L.G.B, 
mm Public Tloalth and Modical Subjocts, Sories “ Report on Vontilation and 
cho Riffect of Opon Air and Wind on tho Respiratory Motabolism, 1014,” by 
Professor Loonard Ifill, 7.2.8. ; ior theory and use of “Kata” thormomoter, 
vec the Transactions of the Royal Society, Vol. B, 1916, 
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Vra. 30 —Lambrocht's Poly- 
meter, (By the courtosy 
of Messrs. Negretti and 
ZAambra,) 





Wet Bulb, Dry Bulb, 


Fria, 29—The “Kata” Tner- 
mometer, (By tha-couitesy 
of Th. Leonaid JH, l.R.8.) 
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Lambrecht, for reading the relative humidity direct clepends 
upon the fact that the Jength of a prepared human hair 
is aflocted by the hygiometric condition of the atmosphere, 
Obviously, therefore, it is a simple matter to suspend a 
small bunch of hairs from a fixed point and to measure the 


a for | 
cee shag Uh 


ote 





Vie, BL. Bight-Day Thermogiaph 


extension or contraction in length, directly on a somi- 
circular scale, by means of a pivoted lever and pointer. 


7. Recording Instrumenis. ! 


In large ventilating installations it is convenient for the 
engineer to have daily or weekly records of the dry bulb 
temporature and relative humidity both of the conditioned 
and the intake air, This practico also avoids complaints 
by keeping the attendant up to his work, for’a tell-tale 
mark which will lead to questions later is the inevitable 
result of neglect. Recording thermometers, or thermo- 
graphs as they are called, aro operated by the variation 
in length of a metal strip due to change in temperature, 
or vaporisation of a liquid with alteration of dry bulb 


‘AN 


Fig. 32.—Eight-Day Hygrometer. 


(By the courtesy of Messrs. Negretti and Zambra ) 


(d).—Bunch of hair 





SEN OAL LSNT 


G1 
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temperature, and self-registering hygrometors depend upon 
the hair pinciple, as in the indicating polymeter. 


8. Anemometers. 
The anomometer, used for measuring the velocity of air, 
flow, consists of a light, well-balanced, and delicately con- 


i$ 


~~ ¥ 


t 
te, 


« 





Fig. 33 —Anemometaa (By the courtesy of Messrs, Negreth 
and Zambia.) 
structed fan wheel, whose motion is transmitted to a system 
of practically frictionless gearing within an attached cawe. 
Upon a dial the movement of the fan wheel is registered by 
hands revolving over graduated circles, and the velocity of 
the air in feet per minute is thus recorded. 
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By moving an anemometer directly over a rogistor or 
across a duct through which air is discharged, the fan wheel, 
being held perpendicularly to tho flow of air, is revolved by 
the action of the moving ai1 against its blades, The time is 
noted, the dial read, and the velocity of the air ascertamed., 
Evidently the velocity thus obtained, corrected for any 
known error of the instrument and mulliphed by the area 
of the passage, must give the volumc. Ancmometors should 
frequently be calibrated by the makers. 


9, Pitot Tubes. 


For accurate velocity readings at 
air velocilics in excess of 1,000 feet 
per minute the Pitot tube gives very 
iehable resulty It consists cssentially 
of two parts, one of which (the inner 
tube) 18 tormed the “impact nozzlo,” 
for determining the total prossure, 
vounon and the other, the outer tube (pierced 
age §=6with small holes) for determining the 
static pressure, 

These two tubes are connected up 
to the inclined draught gauge by 
means of small-bore iubber tubo, 
special care boing taken to have all 
connections tight, As shown in 
Chaptor LIL, tho basiy lor calculating 
Hig. 36—Ditferential velocity of air flow is similar to the 

Diaught Gauge. (By the f Ja: fon the solos: e hodl 

coutesy of Mess 1OLmUa 1OL Ooclvy OF DOUIOb 

Negietti and Zambia) — falling freely in spaco, 7 e¢., 


V2 == Qgh or V s= VW 29h, 


fh 
|| 


ieREry, | 





from which at 60° Fahr. and 29-9 inch barometer, 
V = 8950 Vh, 


The velocity of air through any regular duct is greater 
at the centre than at the sides, due to the retarding or 
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frictional offoct of the walls. It is therefore necessary to 
obtain roadings of velocity at five or more points, proferably 
ten, spaced equidistant across the diameter. Needless to 
say, the Pitot tube nozzle should be placed with the point 
facing the air current and readings taken at a place whero 
the flow of ait is as nearly uniform as possible. 


10. Draught Gauges. 


The pressure exerted by moving air in a duct is usually 
measured by the difference in level of @ liquid in the arms 








Fiq. 80.—-Tnelined Diaaght Gauge and Pitot Lube, (By the coutlesy of the 
Blackman Export Co., Ltd.) 


of a U-shaped tube, having one ond open to atmosphere 
and the other ond connected to the duct or pipe in which 
the pressure exists. 

Tho difference in level represents the hoight of a column 
of the liquid which will be sustained by the oxcess of pres- 
sure. Water is used in these gauges whon employed in 
ventilating work. 

A more accurate form is the inclined gaugo used for 
measuring the small differences in pressure obtained in 
tests dealt with in par. 9, Frequently it consists of a glass 
tube of small bore communicating with a comparatively 
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large chamber forming a reservoir for the liquid and inclined 
at a slight angle, which in some types is adjustable. If the 
inclination of the tube is 1 in 10, then the pressure corre- 
sponding to 75 inch is registered on a scale uuder the inclined 
tube by a displacement of 1 inch along the tube. Alcohol 
(petrol or paraffin) is used almost exclusivély with this 
gauge for the measurement of low pressures, as it anto- 
matically keeps the bore or the tube clean, has a definite 
meniscus or surface, and a practically negligible capillary 
attraction for the glass. 


11. Ammeters. 


When using electric drive the ammeter connected in the 
motor main circuit forms a convenient method of reading 
directly the lond on the fan. It can, if desired, bo fitted 
with a second scale calibrated in cubic feet of air output, 
or for air changes for any particular installation as the result 
of tests. 

The full-load point should be at about 50 to 60 per cent, 
af the scale reading in order to avoid damage to the instru- 
ment in the event of accidental overload on the motor, 
The moving coil type of instrument on direct current circuits 
has an even scale over the whole range. 


CHAPTER X 
GUARANTEES FOR COMPLETE INSTALLATIONS 


1. Apparatus Installed. 


The complete installation to be of sound material design 
and workmanship and to operate quietly at all duties wp to 
specificd maximum output. All paris proving defective 
within one year of complete delivery in working order to be 
replaced [ree of cost. 


2, Fans. 

The plenum and extraction fans to be capable of handling 
woe ettbic feeb of air per minuto measured at 60° Fahy 
and 29-92 inches barometer when all duets, washers, heaters, 
registers, protective grids, and other fitmonts likely to cause 
resistance to air flow are in place. 


3. Heaters. 

Tho heater shall be of ample capacity to head and control 
the humidity of the specified quantity of air from an initial 
condition of 30° Fahr, and 70° relative humidity to 60° Kahr, 
and 50° relative humidity at the plenum registers fixed in 
the main apartments, 


4, Boilers, 

The boiler to be of ample capacitiyto maintain continuously 
the specified gauge pressure (for steam) or boiler flow and 
return temperatures (for hot water) on the six hours’ stoking 
basis under the specified full-load conditions, the fuel con 
sumption not exceeding 7 Ibs. for cach 60,000 cubie feet of 
air conclitioned and delivered per hour. (Jtuel figured at 
12,500 B.Th.U. per Ib., and boiler efficiency at 64 per cent, 
i¢é., 8,000 B.Th.U. per Ib, of fuel to be available in heating 
circuit.) 
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ps) 


5. Motor Consumption. 


Tho motors continuously to operate the fans and cir- 
culating pumps for six hours at the specified output, ou 
the wnder-mentioned consumptions, in Board of Trade waits 
per hour :— 


Motor, Consumption for Run. | Consumption por ILour, 
Pienum fan deel | ae inaeatns saaieaanicets | Mas veneasaetues iiss 
Washer circulating 

pump... isut Ladeaannditesarecesecynoet | Madugentedaagndses yenuee 
Exhaust fan ids] (ila Wictusatee kgs se sl I ieteeaequenss sesame naee 





6. Ducts and Ouileis. 
All ducts to be thoroughly air-tight, discharging air only 


where specified. 
Velocitics in mains, risors, and through rogisters not to 
excced the limits shown on drawings. 





7, Air Washer. 

To remove 98 per cent. of the solid material carried by the 
entering air. 

To remove all trace of freo moisture and fog. 


8. Humidity and Temperature Control. 

The apparatus automatically to control the relative 
hunidity of the conditioned air to within U" of 60° ahr, 
dry and 58° Fehr. wet bulb, provided always that the 
outside dry and wet bulb temperatures are less than these. 


9. Cooling. 

In summer when operating with re-cireulated water at 
maximum. specified duty the temporature of tho conditioned 
air to be reduced 70 per cent, of the centering wet bulb 
clepression. 

Examrin17.—If dry bulb is 82° Fahr.and wet bulb 67° Pahy., 


then the depression is 15°, and 70 per cent. would be J0-5; 
henee dry bulb would read 71-5° Fahr. 
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When handling cold water in summer the reduotion of the 
outgoing difference in air and water temperatures to less 
than 25 per cent. of the difference in the incoming 
temperatures. 


Exampie 18.—Inlet air 82° Bahr. and water 64° Fahy. 
Difference -~ 28° Fahy, and 25 per cent. of this is 7° Fahv. 


CHAPTER XI 


TRSTS 
1. Scope, 


The tests sugvested in this chapter aro only those required 
to prove for all practical purposes that the complote instal- 
lation mects the specified conditions and guarantees, so 
that dehvery can be accepted by the purchasor from the 
contractor after it has been proved beyond all question of 
doubt that the contractor has successfully selected and 
installed apparatus which will produce the results the 
purchaser desires. 


2, General Inspection. 


A careful and detailed inspection will bo made of all 
registers, ducts, heaters, washers, motors, pumps, and othor 
work carried out unclor the contract, to seo that it has been 
constructed and completed in a workmanlike manner and 
that all débris, tools, surplus gear, eta., has beon cleared, 
the installation being then in a thoroughly sound and 
usable condition. 


3. Quantity of Air. 


The correct measurement of tho quantity of air handled 
is a difficult mattor, and a definito understanding should bo 
arrived at at an early date between purchaser and contractor 
ag to the position and method of measurement. 

The author is inclined to favour the Pitot tube for the 
main duct and anemometers for ascertaining register 
velocity, the total quantity being taken at a point in the 
duct where tho air flow is free from eddics and whirls. Many 
readings should be taken and the average obtained. 

In taking the velocity pressure by means of a Pitot tube, 
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the connection between the two legs of the tube and tho 
two sides of the gaugo should be the same, whether the 


| Static, 
Velocity Static. 
ano 


| 
Tota/ Discharge. 


Total Pressure Set up by Fan, 

C 
Total Pressure an Discharge 
Total Pressure at Inleé. 


CG 


nt 
Key to Tube Connections From Gauge. 


Velocity Pressure at Outlet. 


Total Static Pressure (/ +2)-3) 





1a 37-—Fan Pressme Teals, (Conneot leg of Draught Gauge to branch of 
Pitot Tube marked with carresponding letter.) 


readings are taken in a duct cither on the inlet or on the 
outlet side of the fan. 
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The total pressure set up by a centrifugal fan equals the 
sum of— 


(a) The static pressure at the fan outlet. 

(0) The velocity pressure at fan outlet. 

(c) Tho static vacuum (dralt or suction) or negative 
static pressure at the fan inlet. 

(d) Less the velocity pressure at the fan inlet (7.¢., air 
is at rest and has to bo sct in motion; hence total 
velocity pressure is the difforence of pressure at the 
discharge and tho suction). 


Since the static pressure produced by a fan equals the 
total pressure minus the velocity pressure at the fan outlet, 
it follows that 

The static pressure at lan outlet plus the 

Static pressure static vaeunm at fan inlot (or negative 

of fan equals static pressure), less the velocity presstire 
at fan inlet. 


NB—The static vacuum at the fan inlet minus the velocity 
pressuie at the fan inlet is the total pressure at that point. 


The proper arrangements of the gauges and the points at 
which the readings should be carefully considered. 


Summarising :— 

(a) The velocity pressure is the presse corresponding 
to the average velocity over the area of cithor the inlet 
or outlet of the fan. 

(6) The total static pressure produced by the fan is 
the sum of the static readings on the two sides of the 
fan minus the velocity pressure at the fan inlet. 

(c) The total pressure is the sum of the velocity and 
static pressures, 

(dZ) Quantity of air in cubic leet per minute is the 
product of the lineal velocity in feet per minuto and 
the net or free aroa of the duct in square [cet, 

(¢) In the event of clectrical drive the total powor 
input ig : 

(1) On continuous current circuits the product of the 
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volts times the amperes as shown by the moter 
counceted at the motor. 

(2) On alternating current circuits it is the product 
of the phase volts times the phase amperes, 
times the power factor of the circuit, timos Lhe 
number of phases connected. 

(f) The motor losses at full load are most con- 

venicently obtained from the makers’ test sheets, 

(g) Belt and bearing loss may be obtained by remov- 
ing the runner from the shaft and taking power readings, 
or, if this is impossible, the loss may be assumed at 
from 38 to 8 per cent. of the full load of motor, depending 
on the tightness of the belt and whother the fan is 
clirect-coupled or belt driven. 

(hk) The actual power consumed by the fan will then 
be the total watts input loss the no Joad watts. 

(4) The brake horse-power of tho fan will be item (e) 
divided by 746. 

(j) The total air horse-power will then be cubic 
fect of air per minute X 0-000157 x total pressure 
(inch W.G.). 

(k) The static air horse-powor will be cubie foot of 
air por minute x 0-000157 x static pressure (inch 
W.G.). 

(t) The respective efficiencies aro obtained by 
dividing items (7) or (4) as required by the brake horso- 
power input (item (2) ). 


4, Heater. 

Two twenty-four hour recording dy bulb thormometers and 
two recording hygrometors well sercened from direct draft 
should be placed, one in the duct leading from the fan and 
anothor in the intake duet, whore it will not be affected by 
the radiant heat of the tempering coils, the stn, or tho boilor 
fluo. 

5. Boiler. 


Probably it is desirable to arrange for a twelve-hour run 
of the boilor, giving three hours overlap before the start 
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and three hours after the completion of the test. Tn this 
event the boiler 1s taken over at the start of the run, charged. 
with fucl for an unattended six hours run, and the weight 
of fuel added at the end of the run to make up for that 
consumed, carefully weighed. 

Any dispute as to the calorific value of the fuel can be 
referred to the city analyst, who for a fee of ono guinea 
would report as to whether it could be considered an average 
sample or as containing an excessive amount of moisture, 
ash, etc. Needless to say, fuel should be reasonably dry 
before use to get even 8,000 B.Th.U. per lb. weight consumed 
out of it. 


6 Motors. 


Kilowatt-hour (Board of Trade unit) meters can nearly 
always be borrowed temporarily from the supply authority, 
and if any dispute as to accuracy arises a certificate can be 


obtained for half a guinea. 


7. Air Washer. 


Samples of air can be takon in a large bottle and analysed 
by the city analyst if considered desirable. Both samples— 
one in the intake duct and the other in the duct near the 
eliminator—should, of course, be taken at the same time 
in order to allow of comparison. A simpler method is to 
use whito paper coated with sweetened condensed mill, 
which readily holds and shows up any particles of soot, etc, 


8. Free Moisture. 


A sheet of plate glass will readily indicate the presence of 
any free moisture as drops of water on the surface. 


9. Humidity and Temperature Control. 


Temperatures and also humidities are readily obtained 
from wet and dry bulb thermometers, or the latter from 
polymeters direct. Recording instruments are useful for 
this purpose, the type giving a twenty-four hour record 
being preferred. 
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10. Cooling. 
Tho above remarks also apply here. 


11. Loss of Draught Pressure. 

The constructor and dosigner will naturally take steps bo 
ascertain draught loss ab various points in the air ciroutl by 
means of the Pitot tube and water or alcohol gauges used, 
vertical ov inclined, according to the pressure to be read for 
future use. 

Particular points of pressure drop and draught loss to be 
noted are -— 

(1)-Intake to tompering coil. 

(2) Tempering coil. 

(3) Washer, including scrubber and climinator. 

(4) Re-heating coils. 

(5) Total draught loss on suctiou'side, which showd 
bo cqual to the sum of 1, 2, 8, and 4 with by-pass 
dampers both closed and open. 

(6) Main ducts. 

(7) Through registers. 

(8) Total draught loss on discharge side (6 and 7), 

In the event of the fan being fitted with a cone or diverging 
outlet or nozzle, the Pitot tube should be inserted ab tho 
end of tho cone distant from the fan, and when thore is no 
cone, at the fan discharge. By the former method the loss 
in conversion of the more or less useless high velocity 
pressure into useful static pressure is included, thus giving 
a tuor indication of the real efficiency of the fan. 


12. Specimen Test Sheet. 
SuMMARY oF ust TAKUN ON We VENTILATING INSTALLAYLION AY 
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Dewigniad by Meaarissccivad wscatarrasereeriereuessncseunsssative exons 


Reve eee ered eee renee e aed tr eredensureereesetetnatnoesnnes tae 


Job Nowa. 
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Details (—8 inclusive to be com pleted before sheets are issuell 
to Test Department, 


1, Fan System No... 
2, Test in charge of... 
3. Figuring checked by....... 


Inlet. | Extraction. 
4, Fans. Pate eae 
(a) Maker oo... 
(b) Type veccsaeee 
(c) Rated Duty in Cubic Feet per 
Minute at 60° Fahy, ......... 





ents oe Nee 


(d) Rated Static Pressure ......... 7. 

(¢) Velocity at Discharge ........, 

) Add lor Velocity Pressure ...... Pe 

g) Total Progsure ....... 

h) Rated Speed R.P.M, «0.0.00 

2) Rated Power'at Fan Pulley, 
BULB. cece 

) Serial ee of Fran wwe 

t) Drive .. 


b) Type veseceees 

(c y Rated a duty in BAILP.Output .. 

(d) Rated duty in K.W, Input... 

(¢) Full Load Amperes ....0 

(f) Consumption in BLU. per 
Hour vcseeeee 

g) Rated Speed in R.BM. 

h) Serial No. of Motor ......+. 

t) Drive wee 

}) Pulloy ......e0 








(; 
( 
( 
(9 
6, Air Washer. 


(a) ee cuca yane 

(b) Type sss 

(¢) Rated Duty measured at 60° Wahy. ...... cubic foat por 

minute, 

d) roe Loss between Inlet and Dischargo ...... canliaa 
W 

) Gallons of Water circulated per Hour ......... 

) Pressure on Spray Nozzles ...... Tbs. per sq. inch, 


( 
(¢ 
( 


Teor Suent Summary av FuLt-RateD Output oF PLenumM AND EXTRACTION 











Motor Consumptions, 


Plomm Fan. 


Extraction Fan. | 








= a 





| 

| 
Pressures in Inches W.G. 

i 


Water in Galls, 











Fie Plenum. Eatiaction, Air Washer. +s Prossures in Inchos W.G. 
| ) Pema 892 Tey] ng Ported SES. aoeen | Velosty | iat | 
Amps. {B/Th.U,| Amps. | BeThU.| Amps. |B7h.0,|[pormm. | PME) | aoe | YORE | Total | permn. |") Potal Y) Total + pumped. | Evape- 
4 Satie. | Outlot, | Pressure. Static. | Outlot, | Prossire pec. |" rated. 
; ; : : : , 7 8 9 1 | ou 12 18 4 15 16 17 18 19 
1 
i 
i 
b 
i 
ft 
i 
j 
4 
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Fans. : ; : 
Air Washer, Heater. Boiler Temporature and Humidity- Cooling. —, 
| | | 
> Ol a " 

Evaporated ; Pressures ia Ths: B.ThUs Gauge Reta. Extornal. Tntornal. : of Dry 
in grains por sq. inch. Pressurce| ‘Tompora- | —————-* + Water Wot Bulb 
per subia, erties ane Rolative Relative Feria Dopn se sta 

foot. * Temper- | Re-heated Tompora- (H.W. {) Diy Bulb - Diy Bulb H “pu. ture 
. - oe si ’ Pat aai ts Humidity, | BEY Hunndity.| cubic £6.) || (@ Fahr.), : 
per hour. lapis | Serubbor, || 1s Coil. | Coil. turo. only). 4) (° Fahr.), ba (° ahr.), ave y.| eubio #6.) || (° Fahy.) | Rodn, 
_ | | e J ee a ee 
. i 
20 i 21 22 23 24 25 26 ! 27 28 29 30 31 32 33 
] 
; | 
i 
x 
Feet 
per min. 
85. Air Velocities at renee 
(a) Main Intake oe wp See ie: sai 
(b) Duct to Plenum Fan... 5 
| | (c) Through Free Area of Heater ... ses oT 
d) Through Spray Chamber... oe ws ae 
gh spray vi ; 
i (e) Through Re-heating Coil... bi tia ae 
(f) At Fan Discharge cer on asi 
Tnohes 1 (g) Main Trunk Mis? Rise. cedars . hae 
WG. | h) Branches to Risers ae aie 
. ' ” . 
34. Loss of Static Draught Pressure at ————  j (i) Risers vee oe re na ai fr 
(a) Tempering Coil... daa ‘ . 4 (j) Through Registers 7 ea 
(b) Air Washer So ‘ ‘ 
| (c) Re-heating Coil .., . “ } 36. Fuel consumption for test in pounds weight ... si 
i 
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(g) Pressure on Scrubbing Plate Nozzles ...... Ibs. per sq. inch, 
(A) BUELP. of Motor .....06 
(i) Consumption per ILour ...... B. of T.U. 
(j) Full Load Amperes ........ 
(&) Filtering Efficiency ...... per cent. of Solid Matter. 
(1) Iumiditying EMciency ...... per cent, 
(m) Remove all Trace of free moisture. 
(n) Cool to ...... per cent. of the entering Wet Bulb Depres- 
sion. 
Tempering | Re-heatin 
Coil. : Coil, . 
¥ 
1. Heater and Humidifier. eal 
(a) Maker ......... 
(b) Type ..sccsee 
(c) Rated Duty in B.ThU. ......... 
(d) Area in feet super, 0 
(e) B. of T.U. per Loot super ......... 
(f) Friction Loss in inches W.G. 
(g) [eating Medium per ILour (lbs. of 
steam at 5 lbs, gauge or gallons 
of hot water at mean tempera- 
ture of 180° Fahv,) 0.066 
(4) Lbs. of 8,000 B.Th.U. Fuel per lb. 
40 boilers at rated duty, per 
hour w.seeeeee 
Feet 


por min, 





3. Velocities in the Air Circuit (Maximum), 
(a) Main Intake from Street or Area 
(b) Duct to Plenum Apparatus 
(c) Through {ree one of IIeater 
(d) Through Washer . 

(ce) Fan Discharge ... 

(f) Main Distributing Trunk 

(7) Branches to Risers 

(i) Risers 10 Registors 

(1) Over Faco of Register ‘ 
(j f Through Extraction Registers ... 
( Extraction Registers to Main Poe 
(t) Main Duct to Ian 

(m) Through Fan (if of Ring Type) «. 
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CHAPTER XII 


MOTOR DRIVES 
1. General. 

For power work in public building ventilation clectric 
motor drive is extremely economical and convenient, but in 
order to obtain the best results the purchaser must exercise 
care in the purchase and ercction of the machines. 


2. Electricity Supply. 

Electrical cnergy is suppliod from street mains in four 
different forms-— ‘ 

(a) Continuous Current 

(b) Singlo Phase ) 

(c) Two Phaso Alternating Current. 
(d) Three Phase 

Tho pressure at which it is supplied (termed “ voltage ’’) 
varies in all four cases, the “ standards ” being 115, 220, 440, 
and 500 volts (Dublin, 346 volts). 

Again, on alternating current supplies tho poriodicity, 
cycles, or the number of alternations por second (written ~) 
varies, the standard being 50, but 25, 884, 60, and also 100 
are unfortunately not unknown. 

Thorefore, before sonding owt inquiries for prices the supply 
authority should bo requested to state— 

(a) Type of supply to be given to promises situatod 
in — Street. Continuous or Alternating ? 
(b) Voltage of supply for motors. 
(1) Up to and including five horse-power ? 
(2) Above five horse-power ? 
(c) Phases, 7.¢., Single, Two or 
Three | 
(d) Periodicity (~) | 





if supply is 


(e) Powor Factor of motor at full | emating. 


load 
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3. Types. 
There are three main types of motors— 
(a) Open type. 
(b) Semi-enclosed. 
(c) Totally enclosed. 

Very few supply engincers will accept the open type for 
connoction to their mains, owing to the unprotected condi- 
tion of “live’’ metal parts, and these, therefore, are not 
recommended. 

Semi-enclosed motors are extensively used when not 
exposed to wet, excessive dust, inflammable gases, etc., and 
should be put down whenever possible. 

Enclosed motors deliver less power (30 to 50 per cent.) 
than semi-enclosed machines because of higher heating 
losses due to lack of ventilation. They have the advantage 
of being dust and moisture proof, and are used on direct- 
coupled fans and in exposed positions when trouble from 
these causes may be reasonably anticipated. Speeds of 
totally enclosed motors should be lower than those of the 
semi-enclosed type of cqual capacity. 

Motors are further divided into two main classes, dopend- 
ing on the type of electrical energy which they are designed 
to utilise— 

(a) Continuous Current Motors. 
(b) Altemating Current Motors. 
All motovs consist essentially of two parts— 


On Alternat. 


: fait . 
ates On Continuous Curront. ing Curront, 





(a) Wixed Part, termed . | Magnet case, frame Stator 
or body casting, 
(b) Moving Part, termed . | Armature... ... Rotor 








Continuous current machines are further classified 
according to method of,ficld winding adopted as follows :— 
(a) Series Wound, for use when mechanically coupled 


to the load and when large starting torque (1.¢., turning 
K2 
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power at momont of starting) is required, as in lifts, 
cranes, rolling mills, ete. The speed varios with the 
load, and thorefore scries motors must never bo used 
when the load may be entirely removed as in wator 
pumps, belt-driven fans, etc., otherwise the speed 
would rise to a dangerous value. ® 

(b) Shunt Wound machines give practically constant 
speed at all loads, and avo therefore suitable for fan 
and similar work. 

(c) Compound Wound machines are fitted with both 
series and shunt coils, thus having the combined charac- 
teristics of constant speed. with good starting torquo. 

Alternating current machines wound for cither a singlo, 
two, or three phase supply are further classified according 
to tho method of winding the rotor :— 

(a) Short Circuit Rotor or Squirrel Cage typo, in 
which the rotor coils consist of copper bars con- 
nected together at tho ends by metal rings. This 
ig an extremely simple form of machine and strongly 
recommended for fan work up to 2 or 3 B.HL.P., the only 
wearing parts being the bearings. There are no external 
cable connections to the rotor, but if the stator is 
switched directly on to the supply mains instead of 
through a transformor the momentary current will bo 
from three to six times full-load current, tho starting 
torque being from one to one and a half times full-load 
torque. 

(0) Wound Rotor or Slip-Ring type, in which tho ends 
of the coils on the rotor terminate in slip-rings, which 
connect, through carbon brushes and cables, to an 
external starting switch. This type is recommended 
for (and is usually made compulsory by supply autho- 
rities for) sizes above 2 B.H.P. There is no cable 
connection between the rotor and stator circuits, but 
by inserting additional resistance in tho rotor circuit 
the current drawn from the mains by the stator circuit 
can be controlled as desired. In two and threo phase 
machines with wound rotor the full-load torque can be 
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developed with approximately full-load current. The 
advantage of this type as regards starting is thereforo 
apparent. With single-phase machines the torque 
corresponding to f[ull-load current is approximately 
30 to 70 per cent. full torque, depending on the 
periodicity. ; 

Alternating current motors, if loaded oxcessively, are 

liablo “ to pull out of step ”’ and stop. Single-phase motors 
on a periodicity of 50 will usually sustain an overload of 
about 50 to 60 per cent., and two and three phase motors 
about 250 per cent. under similar conditions before pulling 
up. 
For further details as regards starting switches, etc., 
electrical text-books should be consulted, viz., ‘‘ Alternating 
Current and Induction Motors” (T, Harding Churton & Co., 
Litd., Leeds, 2s.), ‘ Electricity for Everybody” (The 
Electrical Press, Litd.), etc., ete. 


4. Speeds. ° 


High-speed motors are much cheaper than those running 
at lower speeds, but are liable to be more noisy. Generally 
speaking a maximum speed of 1,500 R.P.M. up to and 
including 5 B.H.P. and 1,000 R.P.M. up to 25 B.H.P. will be 
found satisfactory, 

Variablo speed, continuous current motors are very 
convenicnt for obtaining reduced outputs from fans and 
pumps, and are easily controlled up to 100 per cent. or over 
variation by means of shunt field regulators on machines 
above 1 H.P.,and by serics resistances for motors of 4 H.P. 
and # H.P. A convenicnt range is 750 to 1,500 for machines 
wp to 5 H.P. and 500 to 1,000 R.P.M. for 6 to 25 H.P. 

Resistances in the shunt field circuit of a continuous 
current motor have the effect of reducing the field strength 
and thus increasing the speed of the motor, This forms an 
economical method of speed variation within considorable 
range, ag the field current is only a small percentage of the 
main current, and thus the wasted energy is in similar 
proportion. 
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Series resistances, Which shotld Nov’ be HLLEd to snun- 
wound motors above 0:5 B.H.P., reduce the spoed by 
inserting resistance in the armature or main circuit, and are 
thorefore wasteful if used for long periods. 

On alternating current supplics the problem is more 
diffieult, for it is only a year or two ago that Messrs, 
Parkinson, of Leeds, the General Electric Co., Lid., of 
London, and one or two other makers produced tho first 
variable speed single-phase motors on a commercial scale ; 
but of course these are very much more expensive than the 
simple induction type. Normally, the speed. of an ordinary 
alternating current (4.¢., induction) motor depends on the 
periodicity and wpon the number of poles for which the 
motor is wound. The actual speed is a few per cent, less 
(probably about 8 to 7), which is called the “ slip.” 


TABLE XXXII.—Possible Shaft Speeds for (A.C.) Induction 
Motors (Speeds in R.P.M.). 


Froquency of Cycles (oo). 
No, of | Pairs of 
Polos. Poles. 














25 334 40 60 60 100 
2 1 1,500 } 2,000 | 2,400 | 3,000 | 3,600 | 6,000 
4 2 760 | 1,000 7 1,200 | 1,600 | 1,800 | 3,000 
6 3 500 666 800 | 1,000 | 1,200 | 2.000 
& 4 3875 500 GOO | 750 900 | 1,500 





5. Rating. 


Fans and pumps are rated in horse-power, and motors 
give out horse-power but consume kilowatt-hours, Board of 
Trade units, or kelvins, as the samo unit is variously termed, 
the ratio of the electrical horse-power to the kilowatt being 
746 : 1,000. 

For fans connected to motors by belts, ete, allow 
an additional 5 per cent. for belt and bearing losses when 
calculating power required, and specify normal full load of 
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the motor at 20 per cent, in oxcess of the figure so ob- 
tained. Jor fans direct coupled to motors, the power of 
the motor should also be 20 to 25 por cont, in excess of the 
actual B.TLP, required by the fan when delivering the apecilied 
volume against the estimated rosistance or water gaugo of 
the air circuit, This apparently large margin of power is 
advisable because of the fact that the power required by the 
fan inereases as the cube of the speed, as shown in Table 
XXXIV., and also to the difficulty of exactly detormining 
the oxact W.G. resistance of the air circuit, as if this has boon 
under-estimated the fan will have to run faster to deliver 
the specified volume; if it has been over-cstimated tho fan 
will deliver more than the specified volume ‘unless the 
speed is reduced” with consequent increase of load upon 
the motor, In the caso of alternating current motors 
which run at fixed specd, it is especially essential to have 
this margin of power in tho motor, 


Tastnr XXXIV.—Horse Power sg ete by Centrifugal 
Cased Fan at Various Speeds. 


No. 13 Fan: 1 inch Static Pressure (Constant). 


Revs, per minute | 204. ua | 226 | 250 








TTorge-power required 





14] rer | Qdod | 384 


Vol. cub, por minute. | 34,800 41,800 | 51,800 | 63,500 








There are two principal methods of rating motors for 
temperature rise— 
(a) Crane rated, 
(b) Continuous rated. 
Motors used for crane, lift, tramear, and similar work 
are stopped and stated continuously, so that thoy do not 
develop full power and consume and waste energy con 


MOTOR DRLVES 137 


tinuously ; thus the heating effect is not so great as thoy 
have timo to cool down to an approciable extent between 
timos. 

On the othor hand, motors which run continuously 
(i.e., “ continuous rated’) atiain to thoir maximum tom- 
perature in about four hours, after which period the hoat is 
dissipated as quickly as it is produced, resulting in a steady 
temperature, This is the type to bo used for all ventilating 
work when fans, pumps, ctc., run continuously, 


6. Starting up. 


Where 100 per cent. speed regulation is adopted, no 
difficulty will be experienced in starting up the motor when 
coupled direct or by belt to the fan or pump. In cases 
where this is impossible, and especially on altomating 
current single-phase systems when the starting current is 
limited to the full-load current, it will be necessary to fit 
dampors to close entirely the discharge of the centrifugal 
fan, ete , to by-pass the air on ring-type fans, and to fit 
fayt-and-loose pulleys, including belt-shifting devices and 
double-width motor pulleys, to all but the smallest sizes of 
fans and pumps. 


7. Control Panels. 


All starting pancls should bo provided with ammoters 
which can conveniently be marked with the full half and 
quarter load readings in red, Tron-clad double-pole (triple- 
pole on three-phase and. possibly four-polo on two-phase 
supplics) starting switches fitted with overload and no 
voltage reloasesy, and preferably interconnected with the 
field regulators, so that motors cannot be startcd up on a 
weak ficld (t.¢., at full speed) should also bo included. 
Quarter-inch plate iron mounted on 2-inch by ;') inch or 
4-inch strip forms a conveniont support for this gear. 


8, Drives and Belts. 


“ Tho distance between the centro of the motor shaft and 
tho fan or pump shalt is usually rather small, resulting in 
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tight bolts and excessive loads, Anothor common fault is 
that of excessive pulloy ratios, whieh should not exceed 
6:1. 

Tor a 5 BAALP. machine and a tL pulley ratio 8 Leet 
centres should be considered & minim. 

For a 10 B.HLP. machine and 4-1 pulloy ratio, 10 feot 
centzos should be considered a minimum (preferably 12 feot), 

For a 12 BUHLR. machine and 4-L pulley ratio, 12 Leet 
cents should be considered a minimum, 

Belt drives, which are unusual for powers below 3 B.LL.P., 
are another important detail, and in this case it is desirable 
to ert on the side of excessive width, which will reyult in 
increased life to both belt and bearings. 

Fan makers frequently fit pulloys the diameter of which is 
on the small side, and therefore it is desirablo to take the 
motor pulley as tho basis for figuring. 

1,500 to 3,000 foot per minute is a very genoral speed for 
single-width belts (maximum 4,000 feel per minute), such 
as are used for transmitting moderate powers (say up to 
40 B.H.P.), and a ratio of pulley diameter to belt width 
1:5 or 2 to 1 gives good results, 

A convenient formula, believed to be due to Berry, 
states :—‘‘One watt of clectrical onergy is transmitted por 
foot per minute of belt speed per inch of width of single 
belt.” 


Examecy [9,-—Thus, taking a 26 BATLP. motor running at 
750 R.P.M. and fitted with a 12 inch by 7 inch pulley we have 


750 X 12x 84 (m) 


(a) Bell speed, 22,850 feet per 


12 
minute. 
(6) Watts output (746 watis== | BALP.), 25 x 746 r= 
18,700 
; 18,700 . 
(c) Belt width, 9.380 = 7:92, or, say, & inches, 


(d) Ratio of pulley diameter to belt width -= 12:8, de, 
15:1, 
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Tanie XXXV.—Horse-Power Transmitted by Single 
Leather Belis. 


Speed of Bolt in foot por minute 











Width of (i.e, diameter of pulley m foot x a x R.P.M.). 
Bolt 
(Inghos). 6 
1,000} 1,250] 1,600) 1,750; 2,000; 2,250) 2,600} 8,000] 3,600 
1 lk 16 20) 2% 2-0 3:0 3-3 40 “7 
2 26 33 40 40) Be 60 (+7 8-0 Sof 
3 44) 5) 6-0 70 8-0 90) 10 12 M4 
4 Bee 66 8-0 94] 10 12 13 16 18 
5 6-7 83) 100} 11 1B 15 16 20 2 
6 80} 10 2 14 16 18 19 24. 28 
7 Oe i Id 16 18 21 23 28 32 
8 10 13 16 18 20 Qe. 26 32 37 
9 12 15 18 21 24 27 29 36 42 
10 ki 16 20 2 26 30 33 40 47 
ll V4. 18 22 25 28 33 36 4d 51 
12 16 20) 24 27 32 36 30 48 66 














ee ar ee ee ea See ee a 





For light double belts tho power transmitted can be 
increased by 25 per cent. on above figures. 

For heavy double belts the power trangymitted can bo 
increased by 60 por cent. on above figures, 

Make tho pulling half of the belt (the tight side) the lower 
one in order to increaso the are of contact between belt 
and pulley (¢.¢., slack side on bop). 


9. Bearings. 


Ring lubricated bearings certainly tend to quict runuing, 
but Stauffer grease lubricators give excellent results on 
small ting-Lype fans fixed in inaccessible positions. 

Ball and roller bearings form a debatable subject, but the 
author, having given them a good trial, has returned to tho 
older ring lubricated type. Theoretically the ball bearings 
are excellent, the chicf troubles experienced apparently 
being due to bad fitting aud the solection of unsuitable 
types by the motor manufacturers for the work in hand. 
Also of courgo the noise of the balls revolving in the race 
add to rather than reduce the total noise made by the 
apparatus, 
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10. Tender Detail Sheets. 

The present writer has found that a standard detail sheet 
is oxtremely useful when purchasing machinery, anc especially 
is this so in the case of electric motors, in which thore are 
so many alternative details, Practically the whole of the 
work of filling them in can be delegated to* juniors and 
duplicates can be typed as roquired, thus leaving the senior 
staff free 10 tackle new problems, Tt is of course a simplo 
matter to draft simular forms for fans, pumps, etc., if tho 
business demands it. See Chapter XLV, 


CHAPTER XIII 
SUGGESTED SOMEDULUS FOR DESIGNING 


Complete Installation 
Introduction. 

An increase of paper work is casily scen and severely 
criticised by many otherwise kcen business mon, not on the 
morits and demerits of the system, but merely on the grounds 
thatitis system. Frequently also the small-minded technical 
man thinks that by raising petty objections and rofusing to 
systematise his work he renders himself indispensable—he 
certainly does so long as such an absurd policy is allowed 
to retard the output of tho firm, which is just about as long 
as it takos to got a better man who can delegate the routine 
work and get busy with bigger things. 

Howevor, economy lies further along the line, and if the 
value of the introduction of rowtine forms and mothod is 
tested by the results enumerated below, a moderato systom 
will bo found amply to justify itself :— 

(a) lucreased cfficiency by reduction or practical 
climination of mistakes and omissions in calculations. 

(6) Incroasod turmovor of capilal by reduction of 
contract timo, due to possibility of routine work boing 
handled by juniors when onco the main outline of tho 
scheme has been settled by a responsible engincer, 

(c) Deercascd friction, and henco wasted cnergy, 
botween office and erecting staff by reason of delivery 
of oxactly the plant required and the arrival of necessary 
detailed information. 

(d) Increased facility with which a job ean be picked 
up at any point by any membor of tho technical staff 
in the event of illness, etc., of the engineer handling it. 

The point whon system should be stopped is when there 
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is no advantage to be gained in any direction in having all 
the requisite information in just the samo style every time. 

The schedules folowing do not pretend bo be full and 
complete, for that would be impossible when every engineer 
has his own particular methods of arriving at the dosired 
results. They aro put forward as a framework bo be com- 
pleted by the reader who may care bo give up the haphazard 
methods of figuring on seraps of paper upon no preceter- 
mined method and systematise his work so that it can be 
rapidly checked and is availablo for reference yours alter. 
wards if extensions or alterations are required. 

The present writer, who has used similar sehedulos for 
many years now, finds it convenient to retain different 
coloured files for electrical powor, lighting, ventilating, 
heating, elevators, cle., work, scouring the schedules 
dealing with the particular section in the appropriate file, 


Dastantina Scuupune No, 1. 
VITIATION AND TOTAL ALR SUPPLY. 


» JOD NO. eee 
. Fan Systom No,......... 
. Apartment to be vontilated numbered on plane 
. External Sources of [Lent :- 

(2) Seats or porsOns viseveveuer comers BMU, 

(b) Gas jets or cookers uc. cee BTU, 

(c) Electric Are Lamps 

OL VESISLANCCS —veseeevee  veesveees BMH 
(2) Steam piped vce cones BLU, 
(e) Other sources of hot. cee BTU, 


Gross Total B.Th.U. wicceeeee BLO, 
Less any probable losses by 
tLANSMISSION, CLC. Vereeeerereees BTU, 


Nett total B.Th.U, to be re- 
moved per hour vce BLU, 


Scseiuiineninemnemenaumeersenaneemen en] 


mem CoO bor 


5. Temperature rise allowable ..........0. dogs, Falr, 
§. Total air required to hold tem- 

perature increase at this limit......... cubic feet por hour, 
7. Ditto ditto veeeeeee CUDIC feet por minute. 
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8. (2) Quantity to be handled My 


plenum fan .. cubic feet pox minute, 


(0) Ditto extraction fan  kasaseeee cubic Leet per minute, 
9. Cubical contents of room cesses cubic Leet. 
10, Changes per hour of air contents.. . 
Caleulated by... hades gatead Dates. 
Checked by...seccss ve Daterecenes 


Desianine Scumputn No. 2. 
TANS AND MOTORS, 


Genera, Durarns :— 


1. Job No... 
_ Fan System. No... 
3, Systom of Ventilation Adopted... 
4. Ventilated Apartment to be used for... 
5. Maximum heght in fan LOOM. vsefbese-s iS 


Fan Durar.s :—~ 


6. Type... cetaes 
7, Ca pacity Sexe eubic feet pex minute, 
8, Total static wabor gage... inch (maintained resistance), 
9, Velocity through discharye......feeb per minute, 
10, Tiquivalent velocity pressitre,.... inches. 
LL, Total pressure to be set up by fon......dnches W.C, 
12, Spool. ~ P.M. 
13, Maker... 
14, Size... 
15. Direction of discharge........ : 
16, Tlanded....... 
17, TLonsing.....660 
18. Inlet (single or double)... 
19, Drive.... 
20. Working position of shalt......664 
21, Base on : floor, ceiling or wall... 
22, Pulley :-— 
(a) Width......inches. 
(b) Diametor...... inches, 
(c) Surface......inches, 
(d) Number......inches. 
23, Belt striking gear aia Be eeaee s 
21. Type of bearings.,,.... 
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25, Power at fan shalt......BILP. 

26, Add LO per cent. for belt losses......BELP, 
27. Total power for fan,.....B.I.P. 

98. Maximum height of fan... fle. 

99, Ditto width dilto ......fba.... TM, 

80. Ditto length ditto .....4b..... Ins, 


81. Total woight of fan,......bs. 
82. Type of belt......... 

38, Speed..,...leet per minute. 
84, Width......inches, 


35, Maximum power transmitted wt thab speed... BLP. 


Moror Duras :-— 


36. Maximum power required by fan (line 27)......BIDP. 
87, Add margin of 20 per cont.......B.ILP. 

38. Total output of motor...,...B.ILP. 

39. Electricity supply pressure and syslom,....ss. 


42. Speed : 
(c) Maximum...,..R.P.M, 
(6) Minimum......R.P.M. 
45. Rotation......... 
44, Drive... 
45, Working position of shalt......... 
46, Position of magnet feet......... 
47. Pulley : 
(a) Diam. ......inches. 
(6) Width ......inches. 
(c) Surface......inches, 
48. Length of drive (pulley centres).......+. 
49. Ratio in diam. of fan and motor pulleys.......+ 
50. Assumed efficiency of motor at full load......per cent. 
51, Maximum ‘input to motor...., kilowatts. 
52. Maximum current per main cable,.....amps. 
53. Appropuiate size of cable......... 
54, Maximum current for shunt or rotor cable......amps, 
55. Appropriate size of cable......... 
56, Ammeter scaled to read 0,.....amps., with open scale at... 
anys, 
57. ree height......ft.......ins, 
Ditto width......ft......ins. (right angles to shall). 
Ditto length......f6...... ins. 
58. Gross weight will be......Ibs, 
Caleulated by...ceueeee Dates cseees 
Checked by.srcrercetee Daboreres 
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Destantine Soneputu No. 3. 
AIR WASHING PLANT, 
Grvpran Derats 


1, Job Nove 
2. Fan System Nou... 


8. Apartment to be ventilated... 
4, Maximuh height of room...... [hecve dns, 
5. Air to be handled...... cubic feet per minute. 


6. Maximum allowable pressure drop......inches water. 

7. Maximum water to be evaporated per cubic foot of ain... 
graing. 

8. Maximum total quantity of water to be evaporated per hour 
satel gallons. 


Wasunr Durarns :— ; 
9. Maximum velocity of air through spray chamber..,,..feot 
per minute. 


10, Oross sectional area required......8q, Leet, 
11. Height selected...... ft... dns, 
12. Corresponding width... fb. ins, 


18, Overall length of air washer......[t.......ins. 
14. Casing required... 
15. Connected to at: 
(a) Inlet ond....... * 
(6) Discharge end......... 
16. Observation coors at....,.side looking in direction of air flow. 
17, Size of largest part to pass through oponing of... Mes dns, 
18. Size of pipe Lor ball ce mako up......dnches ciam, 
19. Size of drain connection......inches diam. 
20. Perforated distribution plate required at entrance 2......0 
2, Onpacity of sottling tank... aloha 
22, Total weight of washer with settling tank full of water, but 
oxcluding pump... Lbs, 


Pumr + 
23, Types seeces 
21. Pressure head varied, how ?.,....4 
25. Normal pressure head......Jbs. per sq. inch. 
26. Capacity......gallons por hour, 
27. Diam. of suction pipe......inches. 
28. Diam. of discharge pipe......inches, 
29. Pump flooded when tank full ?,....... 
30. Foot valve and priming cock required #...... wee 


Moron Drrarzs :— 


31, Maximum power required by pump......B.IL.P. 
32, Add margin of 20 per cent.......BILP, 


MM. 


116 


33. 
34, 
3b. 
36. 
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Total output of motor.....BILD?. 

Electricity supply system and. pressure... 

TYPO. secceeee 

Winding (shunt, compound, syuivrel enge, Cb)... 


37. Speed : 


(a) Maximum......R.P.M. 


(b) Mintnum......R.P.M. 
38, Rotation... 
39. Working position of shalt........ 
40, Position of magnet Lect......... 
41, Type of coupling......... 
42. Assumed efficiency of motor at full load......por cent. 
43, Maximum input to motor......kilowatts, 
44, Maximum current per main cable......amps. 
45. Appropriate cable size......... 
46. Maximum current per shunt or rotor cable...,..amps. 
47. Appropriate cable size........ 
48. Ammeter scaled to read 0.,,...amps., with open seale at...... 
amps. 
49, Mastin height......f6......,ins, 
Ditto width......ft.......ing. (tight angles to shalt), 
Ditto length......{t.......ing, 
50. Gross weight of pump, motor, contained water, etc,......lba, 
alculated by...ecewee Datticses 
Checked by... veer Dattrcccrere 


Drstanine SunzeputE No. 4. 
PLENUM ILBATER. 


GuyzRsaL Drrarts :-— 


. Fan System Nowe 
Maximum height of room..... fb... ins. 
. Air to be handled......cubie feet per minute, 
. Water to be evaporated per cubic foot...... grains, 
. Total range of temperature...... ° Fahr. 
. Fleating medium adopted......... 
. Average temporature of hot water or pressure of stoam......... 
. Temperature increase of tempering coil : 

(a) Temperature required in spray chamber for humidifica- 
tion......° Fahy. 

(0) Initial temperature.,....° Fabz, 

(c) Increase requived...... °Tahr. 

(d) Add 83° Fahy. for each grain of water evaporated 
per cubic foot (line 5)......° Fahy, 

(e) Total temperature increase required for tempering 
coil,.....° Fahy, 
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10. Temperature increaso of re-heating coil : 
(a) Final temperature......° Fahe, 
(b) Temperature in spray chamber (! (a) jw ° Wahr. 
(c) Increase required......° Fehr. 
11. Heat unity from tempering coil: 
(a) Cub, ft. of air per hour x line 9 (0) 
eo 
(b) Cub. ft. of air per hour x line 9 (d) __ evaporation of 
fee a ™ water. 
Total heat from tempering coil if both are combined. in 
one heater: 
B.Th.U. for air tempering........ 
B.Th.U. for evaporation of water... 
Total B.Th.U. from tempering coil......... 
Heat units from re-heating coil ; 


Cub. ft. of air per hour x line 10: (e) - echanting 


== air tempering. 





12 





13. Maximum velocity of air through heater......leet per mint. 

14. Cross-sectional free area required..,,..Lect super. 

15, Type of heater selected......... 

16. Ratio of free to gross arca,.....per cent, 

17. Gross cross-sectional area required......leeb super. 

18. Add 12} per cent. for by-pass dampers........ 

19, Total gross cross-sectional area required Lor heater... 

20. Maximmun height available... Lb... ins. 

21. Corresponding width of hoater,....t......ins. (at right angles 
to air flow). 


Tempering. | Re-heating, 


22. Number of sections at the rated 
percentage of [ree area por seo- 
tion required for the free area 
(line Ld) ... ic ted 

23. Number of tiors......cach 20 ae 

24. Total number of sections required 
in each heater Seen hee 

25. Number of stacks deep in direction 
of air flow ine a 

26. Numbor of sections per stack 

27. Icight of sections ... ae 

28, Width of sections ... 

29. Nipple comtres ok ee ae 

80. Total longth of stack i sis 

31. Tapped for pipe diameter... ... 


tee 





LOSS OF PRESSURE IN DUCT SYSTEM. 


Job No. ........ .... Fan System No. ..........0- Maximum Velocity of Air 


visits Seveetes feet per minute. 
Maximum W.G. resistance on ducts desired .........--. rches. 











} 
t 
Branch | Ay Supply Material of : Velocity of Air} wor Te f 
Section | (Cubic Feet which Duct | Cross-sechonal e ngth o 
! 


(Feet per : 
No. per Minute). constructed. ares (d: Te Minute). Duct (Feet) 








lent Lengths Total Air + Fnetion Loss 


Length {Inches of 
os Guan (Feet). Water). 
{ 


| | 
| ! 
| | 1 | 
{ | 
| : 


| ! 
| 


It will be found convenient to draw an isometric plan of duct work, divide up into sections, giving each section 
a distinguishing letter. and using a rubber stamp for details required against each section, thus — 


mee eucneamaneenctrentiny ~aeeanapememariett 


















Quantity of ar (cab. ft permm)}. | Add for bends, ete ‘ft ) 
Yeleaty (ft. per mm ) Equivalent length (ft.) 
Friction loss per 10 ft ran (ms) Total fnction loss (ms } 
Wet length (ft } Material Pe 








SPT 


NOLLVLILNGA WO SCOMLAA NUTCOW 
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Tempering. | Re-heating. 


32. Maximum B.TL.U, ich i 
cumeoter pipe 

33, Area of sections in feot super. 

34. Arca of heater in fect super, 

85, LEMiciency of surfaco in B.Th.U. per 
foot super. 

36. Air frictional loss in inches of W.G. 

37, Quantity of heating medium re- 
quired for specified duty (Ibs. of 
steam or gallons of hot water 
perhour)... oo... 4. 





Amangements and connections of pipework must be designed to 
balance loss of pressure of heating medium in passage though 
heater to head available for that purpose. 


CUAPTER XTV 


PURCHASH SPNCTIIGATIONS 
Introduction. 

Tn modern ongineoring business managemont sipshod 
mothods have no place, and the man who orders “ ono Lan, 
(or motor) as before,” leading to endless edrrespondence 
and ultimate ill-fooling, should bo givon marching ordors at 
onco before he has an opportunity io do further damage. 

Manufacturers have standardisod apparatus to a cortain 
exient, and in dealing with woll-known firms it will probably 
bo the wiser course for thoso not specialising in tho various 
branches of engincering alliod with the ventilating industry 
to purchase on trade descriptions rather than on detailod 
specifications. For those who are qualifiod to we the 
fuller form, drafis are included for duets, fans, wet-air 
filtors, and continuous-current motors. 

It is suggested that those trade descriptions or purchase 
specifications should bo standardised and numbered, so 
that the purchaso order may simply contain the reference 
“as per attached specification,” together with price, terms, 
etc., etc. 

It was probably an American who remarked, ‘ Why 
make the same mistakes twice when there are so many 
others to select from?” but this is the inevitable vesult if 
some systematic course for purchasing machinory, such 
as indicated in the following pages, is not acoptod. 


PART I. 
Trapu Dusorwrrions. 
Trade Description No. 1. 
OENTRIFUGAL CASED TAN, 
(Silent Running, Essential.) 
[Shike out the words in italics which do not apply. | 


Job No. 








tn crennentrten 


. Type: 
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TO MGSSUS. cessescesseceeneesseves dite Fobheceusctentaeaasan 


Reem e sere aba e cease ecesasareseeararerrreered 


. Delivery required fo site abasic carriage paid by 


seefe {LD cee cortain/and erected complete, ready for beneficial 
USC Dar eve/ece/ LD. eceesens Certain, 


. Output: 


(Ct) reese cubic feet of air per minute measured at 60° Kahr, 

(0) Against a maintained (static) resistance of......inches 
water col. 

(c) Duct Velocity at Fan......cub. [t./min. 


(a) Single/Double/Inlet. 

(b) Top/Bottom/ILorizontal/ Vertical Up/ Vertical Down dis- 
charge. 

(ce) Pulley/Motor/to be on/Right/Left/hand when looking 
into discharge. 

(@) Full/alf/housing. 

(e) Single/Double/width (latter for limited head room and 
extraction purposes only), 


. Drive: 


Belt | Chain | Direct | dviven by | Direct | Alternuting | 
Current Motor/Shafting/Steam Engine. 


(N.B.~-LE direet cowplod to motor, use appropriate Trado Doserip- 
tion Sheot.) 


. Working Position: 


(a) Shalt/Worizontal/ Vertical. 
(b) Base on/loor/(Ceiling/ Wall, 


4. Pulley: 
Single width/Fast and loose pulleys with belt striking gear, 
conven, OL” dian. Xe” width, having crowning of 
a 
8. Bearings: 


Ring lubricated /Stauffer grease cup/Ball/Roller/bearings, 


. Size of Largest Part: 


. Drawings Required with Tender: 


(a) Outline drawing of fan as erected, figured in with 
ovorall dimensions, 


(6) Pulley centres, 
(6) sesevaee ' 
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11. Technical Information (to be filled in by Tenderer) : 


* 


(a) Performance Details : 


Add fe Poul. ‘ 
Makot's Outlet | “hy al Dian, phoual Wa Ntalfe at 
‘ Volovity > Spal ot Ale eohant. 
~ Tran Tressma| RPM, ol Span. au 1 
N in | dus of Whool. | Dillo | Palloy, | np, | ¢ Wa 
% [Ht atin) WG) (t/ Min.) ales 








(0) 


anes ene Pee eed 


(c) 








(b) Gross Weight will be : 


(@) | &) | © 


Maker's Fan No. 





Lbs... ad 





COUPURUROUEUOSERUESEOESOCESUSCOSOSOCULIOr OOS OST e reer eer eee erre eran, 
eOEe CREO CS TEC CES SCPeECCECRCS COOL ECeLOUSESEOSEreerecrvrrire cers cries 
POeUee UU UEC ORUCOPEOSESSOSES EC CLOCOSSCOSESSUUOUSSOOOOOSESOSOCeOS ORES. 
TOU eh eam a eH ame eee Ee eee HOD EF OH EH ERE SES HONS r Eee Ha beerennens ening tes 
eee Pee REE OCC RSE U CEE CUES SROSOSOSOSSSISSOSEOeeSOSeSOSeLeeeee eer er ery 


PeUSe REO E SCORE CEES SEC SEES SU EUCE SEES SSECCLSOVSLeererrresrarerr sy 


Signed..scccccseeeees 
Dated....oe 
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Lrade Description No, 2, 
RING TYPE PAN, 
(Silent Running, Mssential.) 


a 
[Strike oud the words in ttalics which do not apply.) 


Job No. 


dy THQ UY 10: MOCKS, fs cesscugiteresnernnercmcoateetedinans 


AO OVE eee roar nase a rene aeenareeronere 


2. Delivery required 10 Sile abscess carriage paid by 
wee/se./19...... corbain/and erected complete, ready Forpenaiocal 
USE DY rse/erefUDerereeres certain. 
3. Output: 
Abies cubic fect of air per minuto on free intake and dis- 
charge, measured at 60° Fahy, 


Tyne: 
Pulley/Motor/to be on/suetion/discharge/side of fan, 
5. Drive: 
Belt{Chain|Direct{driven by a/Direct/Alternating/Current 
Motor/Shafting/Steam Engine, 


(NBL diteet coupled to motot, tKe appropriate Trade Dosurip- 
tion Sheet.) 


§. Working Position: 

Shalt/horizontal/vertical, 

7. Pulley: 

Single width/ fast and loose pulleys with belt striking gea| 
convex, of...” diam, by......” width, having crowning of 
ions OB, 

8. Bearings: 
Ring lubricated/Stauffer grease cups/Ball/Roller/bearings, 
9. Drawings Required with Tender’ 

(a) Outlino drawing of fan as erected, figured in with 
overall dimensions, 

(b) Pulley Centres........ Pa 


(0) sssvvures 
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10. Technical Information (to be filled in by Tendever) : 


(a) Performance Details : 


Alt Wyuiva- 


Pou 
Mukou's yee valaeity 3 Dio. | pat | oP ef Total | Moehand- 


i iy ‘ 
Pe tell Ft pins Pressua POM, REAL a auto euthay, At bp 
Whole | ac. (inet) Tat pain) viene, 


Total 














(b) Gross weight will be (exclusive of motor) : 


(@) | @) | @) 


Maker’s Fan No. 


Lhsy ras 
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Habe eats eserene 





eee eee eRe EeePC eee Ee Cree eee eee See errr ee rere ree, 
ere COCR RUC ECS CEOS SE EESU OSES OSCE OOOCR COSCO ST) 
Teseeraree POR ee nearer eee nareneeebanererenere 


FODEe mee ebereeEreurretr ara re eters eEES EEO DASE HERE TTOOEH ONES HEED EDESE 


Sioned veccscseeeees 


Dated... 
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rade Desertption No. 3. 
WHT AIR FILTER, 
(Silent Running, Hssential.) 
[Saike out words tn iahea whch do not apply. | 


Job No, 


L. Inquiry to Messrs... ececeeees vivbaesatousanves divert 
. Delivery required to site at... Carriage pail by... 
verfref 19. e000 Corbain/and erected complete, ready for bene- 
fictal use by .../ [10sec Cerbern, 
. Capacity: ; ; 
To handle......cubic feet of air per min. measured at 
60° Fahy. 
4. Type: : 
Spray type for air washing and humidifying. 
5, Casing: ; ; 
Full casing/Make good to brickwork shown on Drawing 
No...» .abbuched, 
6. Pump: ; 
Centrifugal type/Variable/Constant Speed/direst coupled 
to an electric motor. 
(N.B.--Uxo appropriate Trado Doseription Shoot.) 
7. Pump Bearings: 
Ring lubricated/Stauffer grease cups/Ball/ Roller/boaxings, 
8. Size of Largest Part: : 
To pass through opening of.....ft....dns, bye fb, 
vel, 
9, Maximum Height of Washer: 
ccnftecccins (Depending on available head room, 
Velocity of air through filter is usually 500 [t./min., so 
that height may be vedueed at expense of width bwé prefer- 
able square in cross-section.) 
10, Drawings Required with Tender: 
(a) Outline drawing of plant orected, figured in with 
ovorall dimensions and pipe sizes. 


By sain sense Gis ape vtes vais ae eae eteaee 


be 


co 
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11. Technical Information (to he filled in by Tencderer) : 
(a) Performance Details : 
Guaranteed 1o:-Remove......per cent. of all solid 
matter. 
Remove all trace of froo moisture and fog ? 
Cool to......per cent. of the entering wet bulb depres- 
sion, I 
Ilumidifying efliciency..,...per cont, 
Gals. of water circulated por hour....... 
Pressure on spray nozzles......lbs./sq. in. 
Pressure on scrubbing plate nozzles......[bs./sq. in. 
B.ELP, of motor required......... 
(or motor details sec separate sheet.) 
Friction loss between intake and discharge at rated 


duty......ins. W.G. 
(b) Gross Weight of plant will be: 
Washer completo ...... sat ca tad sae tanteniete peeesRaneg Ibs. 
Pump and connecting pipes ....ccccseeeeereces Lbs, 
Water in settling tank ..cecssssesereeeeeseerees LOB. 


Water in pump and pipes csscrcsssrerceees Lbs, 
Total weight as fixed for 


: 

operating sesvessectscccrteerees LBs 

POE AEE EHO HAH EHP HEA SHEE HED EHH EPEC EHR E EE EAT HEHEHE EPH ERE EEE 

weet eee arent PETER O OHO HARE eH EDP ae ee EEE HH OHHEM EERE HE REE RH HAH OH EE 

" COTO em eee r este tee eee er erers en Sates eeeeaee eheerne todo nnarnnanee 

SPOOR eae DO eee rene eneee Peer e et baraaetsone Peet ernment rene oe eeweoree 

vise discvadie vagandiscqat dubs (kos sulaucdsved Gude conpeeates dastrasen’ 
i 

SHON. ececeereens 

Datecl..ceoee 


Trade Description No, 4, 
PLENUM IIWATER, 
(Strtke out words in ttalics which do not apply] 





Job No. 


1, Inquiry to Messrs.....c0e000 irae aioe teenies 


peeveeeee Weeder t denser eeeenrerteete 


Pav ereneneuerertssnree verde eereseten 


2. Delivery required to site at..........cartiage free on 
sss[sr+/19 veer, Cortain/and erected complete, ready for bene- 
ficial use by.../.../19.........certain, (Usual for fan, heater, 
and boiler contracts to be placed together.) 
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3. Heating Medium: 
Steam at 6 lbs. boiler press e/ Foreed hot water at 190° Fahy. 


4. Capacity at......ft./min. air flow thr re free area. 
Th. 


(a) Tomporing COLL wrearee WB, 
(6) Re-heating ot ieee BTU. 
Total 6k taeretee B.TRU, 
5. Typ 


ype: ° 
Lo be of the Sectional Cast Iron{Wrought Iron Pipeftype, 
built up into stacks and connected to main headers, as 
shown on Drawings No...... and approved by the Hngineor. 

6, Supports: 

To be of rolled stecl generally, as shown on the Drawing 
No... , supplied and erected, by Contractor. 

7. Maximum External Dimensions. (Free area through heater 
varies from 37 10 61 per cent. of a area, Velocity 
of air through [ree area 600/1,500 ft,/min,) 

(a) Height of..... [bes ins. } Cros - sectional area of 
(b) Width of... Lb... Ins.) seas ft. super. 

8. Distance Apart: 

Length from discharge side of mamnpering coil to inlet 
side of re-heating coil to be.....fi.....dns, 


9. Valve: 
To be provided on flow and return of cach stack, ete. 
10. Drawings Required with Tender: 
(a) Outline drawing of complete heater figured in with 
overall dimensions anc pipe sizes, 


PUN Pore resmeerscoon dvenee Paes er renee sroarnes VESPER PRS ROCESESSEEE) 


(0) vesecresececsenss sia dsainenle saa uteees adusechentsguaueavandigte nes tesae 
11. Technical Information: 


Tempering | Re-hoating 
Coil, Coil, 

(a) Consumption of heating 
medium will be per hous. ves 
(6) Aven of heating surface in 
feet super. ... int “ 
(c) Numbor of stacks ... ; 
(¢) Number of sections per 
atack te : 
(e) Frictional loss in air cir oni 
ininches WG... sit i 
(f) Friction loss i in heating cit. 
cult feot of water col. fhe re 
square inch... ay “ 
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terre fadtedns Wed chanveubase andes dieters ijaadeesberedQusiaeed 

weethenteess siailen Gea aeadvadalee daa cbcesd outa saseascaonbasstaVaha Cound 

nee LGeuvlaancanestersesinueed Gutrasustiepadoasvengiiertenie Coase 

iyeideeasy atae vale vies Ssiiees seacedeneatvaeee covecwed ean enue an caNs 

civniedaeies iid edvace sa tabeusseisdembereeas Tatas veLete be es4naGh 

sede vacsddsaviessegeanankegsadeos Liatigbadpendeccusnduersenapuevens 
. 

Nig evereevseneeee 

Dated scscsecee 


Trade Description Shect No. 6. 
DIRECT CURRENT MOTOR. 
(Silent Running, Essential.) 
[Shihe out the words in tabics which do not apply. | 


Job No. 


Ls Inquiry 10 Meas, :tccsecsncscascsastasstenrizsccesccvenases 


veneen Dene eernereaeneeneseoreraranan 


PUPP H ae meneame bereevranereeeeenenes 


2. Delivery required to site at... carriage paid by 
safre/L9 ee certain/and erceted complete, ready for bene- 
ficial use by../../L9..0. (Unusual for motor manu- 
facturers to carry out erection.) 

3. Electricity Supply: 

Continuous at......volia 
4, Output of Motor: 
(Ogre BALP. Continuous/Crane/rated, 
(b) Overload capacity roquired.........(ustally 25 por cont. 
for one hour, and 50 per cent, for one minute). 
(c) Speed: Constant/Variable/......R.P.M. 10......R.2.M, 
5. Tyne : 
Onen/Semi/Totally/enclosed. 
6, Winding: 
Shunt/Seriés/Compound/wound. 

7. Rotation: 

To be clockwise/counter clockwise/when viewed from tho 
commutator end. . 

8. Purpose required for: 

Belt{Chain/Direct/coupled to a.....0.+ 
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9, Working Position: 
(#) Motor Shaft /dorizontal/ Vertical. 
(b) Magnet feet on floor/eeding/walt. 


10, Pulley: 
Hlat/Converfol.....inches diam, by......inches width, hav- 
ing crowning of....dnehes (Mat, double width roquired 
for fas# and loose pulley drive). 


11, Switchgear: 

(w) Starting awitch to be of the open/semi-enclosed totally 
enclosed/ordina y/slow motion/type, fitted with overload and 
no-voltage releases, by Messrs..ceccee td Cats Nove 

(b) Ammeter ol moving tron/cotl/type......tuches diam. 
dial by Messis...ccce ts Cat. Noe 


12. Terminal Box: 
To be suitable for V.I.R. cables and screwed ......inch 
electric thread conduit. 
13, Spares and Sundvies : 
(a) Complete set of spanners to fib every nut on the 
machine. 
(b) Box spanner for stud in pulley boss (pulley face to 
be drilled to pass same if necessary), 
(c) Tommy bar for forcing serews of slide rails, and Lor 
box spanner, 
(7) Angle iron rack for above, 
(e) Complete spare set of commutator brushes. 
(f) Complete spare set of bearing bushes. 
(q) Slide rails, 


14. Drawings Required with Tender: 
(a) Ouline drawing of complete machine figured in with. 
overall dimensions and pulley centres. 
(b) Speed-load and elliciencsy curves, 
15, Technical Information (to ho filled in by Tenderer) 
(¢) Miciency will be :- 
serepor Cont. ab 4 load; .....por Gent. at 2 load; 
vee por cont. ab full load; ....-per cent. at 1} load, 
(b) Consumption at full load will be......B.T.U./how, 
(*) The commutator will be.....inches long and will 
contain... segments, 
(d) The brushes we propose to use will be.....grade as 
made by the... Go. 
(e) Gross weight will be......1bs, 
(f) The armature will be......inches diam. and will have 
vsenblots, open/semt/totally/encloscd, 
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(9) Commutating poles witl/ewill not/be fitted. 
(4) Shunt field current will be......min,.....anax, amps, 


Bigmedsccccccccenees 
Dated... 


Trade Description Sheet No. G, 
ALTERNATING CURRENT MOTOR, 
(Silent Running, Essential.) 


[Strike out the words in italics which do not apply.) 


Job No, 


J, Inquiry to Messrs...sccccsssessecsseseeesneseees whdetas es 
2, Delivery required to sito ation carriage paid by 
seeferfLD cereveee certain/and erected complete, ready for bene- 
ficial use Dyeiferr [UD (Unusual for motor mani- 
facturers to carry out orection.) 
3, Electricity Supply: 
(a) Single/Two/Three/phase. 
(b) Voltage......volts. 
(c) Periodicity......... 
4, Output of Motor: 
(a) ......B.H.P. Continuous/Crane/rated. 


(6) Overload capacity required......per cont. usually 
a cent. ae 30 mins, and 50 por cent. momentarily, 
Cer speed. 
(W—Tablo XXII.) 


(@) Power factor to be not less than 0.......ab full load, 
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5. Type: 
Open|Semi-Linclosed/Totally/enclosed. 


6. Rotor Winding: 
Slip ring/Short cireutlt. (Labter unusual dbove 2 BLP. 
on lighting supply circuits.) 
7. Starting: 
(a) Rorqua: On bight load (against full load). 


(b) Current: Limited to......dimos full load current. 
8 Purpose Required for: 
Beli/Chain|Direct/ooupled 10 dsc 


9. Working Position: 
Motor shalt/horizontal/vertical. Magnet feet on floor] 


cetling/wall, 
10. Pulley: 
Flat/Convex/ol......inches diam. by......inches width, hav- 
ing crowning of...... inches, (lat, double width for fast 


and, looge pulley drive.) 
11. Switchgear: 

(a) Starting switch to be of the Open/Semi-enclosed/ Totally 
enclosed /Ordinary/Slow motion/type, fitted with overload and 
no-voltage voleases, by MOssrs...ccsecsees as Cat, Novos 

(b) Ammeter of moving iron type......iuehes diam, dial 
by Messrs...cceeveees vt Cab, Novereeceees 


12, Terminal Box: 
To he suitable for......V.LR, cables and sorewed......dneh 


clectric thread. 


13, Spares and Sundries: 
(a) Complete set of spanners to fit every nut on the 
machine. 
(b) Box spannor for stad in pulley boss (pulley fuco to 
be drilled to pass same if necessary), 
(0) Tommy bar for forcing screws of slide rails and Lor 
box spanner, 
(d) Angle iron rack for above. 
a Complete spare set of slip-ring brushes (wound rotor 
only). 
({) Complete set of bearing bushes. 
(9) Slide rails. 
14. Drawings Required with Tender: 
(a) Outline drawing of complete machine figured in with 


overall dimensions. 


(4) Speed-load curva, 
M 
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15. Technical Information: ({o he filled in by Tenderer) : 
(a) Kilicieney will be : 
weeoper cont, ab 2 Toads .....per een. at } load ; 
veeper cent. at ful loud; oper cont. ab Ef load, 
(b) Consumption at full load will be......B.T. 0 /hous 
(ce) The brushes (slipazing type rotor) we propose to use 
Will be... as made Dy thee ¢ 
(d) Gross weight will be..... tbs, 
(e) The maximum rotor eurvent (wound rotor only) will 
bev. ainp. per phase 


POUUCRPECECUPEOSE CET OCESEOCOCOCLOCOCEL ECE SEC COC er reser r reece rece eeeny 


Werererererererrerrreererrerrere re cre re rerrrrr crcl ers cerec ees eecereersreny 


eeenenee OTC PREPESESEPEREL ECO ECS Cee eeeereerere ere r rer ere ar cereerren) 





OER URES ES SRCSUECCECUCOUESURIS EUS ESCOSES ECSU CSCC E eee eee 


eae ee oeeneroetoeeusrese SOOO n emer ce nme ee ree eeereereenrennarepunevene 


ve ee as ererenees eee PERE ERECSCEUCORCEUCLOECOSUESOCE CSRS SECS SS EC Ea) 


Signed ccccceeeens 
Datedsecrcrees 


PART II. 

DetaiteD SPECIFICATIONS. 
Detailed Specification No, 1. 
SULET METAL VENTILATING DUCTS, 
No be eveeted at 


1. Construction. 


To be constructed and installed in accordance with Drawings 
No.......in positions approved by the Mngincer, 


2. Sizes and Delivery. 


All special dimensions required to be taken from finished brick 
work sizes on job. Deliveries to be made, and duets fixed as and 
when required by the Engineer, as structural work proceeds. 


8. Metal. 


Make all sheet metal ducts of best quality galvanised steel sheets, 
with slip joints in the direction of the air flow. Rectangular ducts 


to have standing seams, and wide duets to be stiffened by oxternal 
angle irons, 
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4. Sizes and Gauges. 


Gauge . 28} 26 24 22 20 18 16 


‘ 


Round, diam... * 
ins, : . | 48 | 10-18} 2! 21) 37-33) 36-45 150-00) 65 & 
above 




















Rectangular, 
wide ing, 2 (d-1h] 18 | 19-380] 31-60! GL-LIS] 118 & —_ 
above 
5. Bends. 


To be made in not less than five pieces, the radius of throat being 
equal to two diameters of pipe and in no ease Jess than [4 ditto, 


6. Increase and Decrease of Section. 

Abrupt changes in section to be avoided in every instance, The 
length of the nozzle to be made as long ay ciremmatances permit, 
preferably ten times the slope (- 12°), and in no case less than 
five ditto (~ 6°), 


7. Joints, 
All joints to be smooth and tight, and all pipes to be firmly hung 
and rigidly fastened in place, 


8. Branches. 

When possible, to be tapped off from the main pipe at an angle 
of 30° and turned on a radius of throat equal to two diameters, 
In restricted positions the two diameter radius of throat may be 
used only. 

Hach branch rectangular duct to be provided with a damper 
and quadrant, which may be set and locked in position, 

Round branch outlets to have adjustable butterfly danrpers. 


9. Adjustment, 

After erection, test and seb dampers for proper air distribution 
as divected by tho Engineer. All duet joints to be tight ab static 
pressure equivalent to 2 inches of water gauge. 

m9 
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10. General. : 
All work and materials to be of the best of their respective kinds, 
free from faults and flaws, and to the satisfaction of the Engineer, 
No variation from the standard bends, branches, converying and 
diverging nozzles, etc., specified will bo accepted and paid for unless 
wiitien permission had been previously obtained {rom the Engineer 
for cach specific instance. : 


11. Standard Designs. 

All branches, increases, and decreases of section, bends dampers, 
ete., 40 bo in accordance with Standard Drawing No.......adlached 
hercto. 


12. Cleaning. 


Ample provision to be made for cleaning all plenum duets either 
directly or by means of flue brushes, 


Detailed Specification No, 2. 
MULTIBLADH OBNTRIFUGAL OASHD FAN. 
To be supplied, delivered, and erected. at 


Chee eer mere eee HUD eee H dee ne see aersesbessebaehoeedetagutoten 


The specification following indicates the requirements 
and preference of the purchaser in the matter of detail, 

At the same time it is recognised that excollent dosigns 
may differ materially from thal horcin outlined ; therefore 
tenders will be considered, even although tho specification 
is not strictly complied with, if the specified performances 
can be guaranteed, tho deviations therofrom clearly set 
forth in tho space provided, and the proposed plant be 
seen working satisfactorily in London. 

[Delete words in tlalacs which do not apply, | 


1. Size and Capacity. 


Supply, deliver, and erect where shown on Drawing No....... 
on purchasers’ foundations one multiblade (}/full) housing (fop/ 
bottom horizontal/vertical wp'down) discharge (single/double) widih, 
motor or pulley on (right/left) hand when looking into discharge, 
having a capacity of......cubic feet of air per minute when measured 
at a temperature of 60° Fahr., delivered against a maintained 
(static) pressure of......inches water, 
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2. Housing. 

To be constructed, in....., parts for convenient handling on site, 
of best commercial steel plate with rivoted lap scams, braced by 
vertical and horizontal anglo irons, and fitted. with angle ivon base 
frame drilled for holding down bolis, (Include for diverging nozzle 
on discharge having length equal to ten times slope and final area 
of......8q. feeb.) * 


3. Suction Eyes. 

For doublo in’ebt fan, 

The wheel to be composed of two separate single width wheels mounted 
back to back, having common blade. plate. Hach/The inlets to be 
fitted with an inlet cone in the space between housing and wheel, 
having a minimum clearance with the flanged inlet of the runner. 


4. Runner. 


To be of the curved multiblade type, having blades of steel plate 
riveled at the back 10 a boiler plate disk, which in turn is to be hot 
riveted to a cast-iron hub. These blades to bo connected by a 
flange at the inlot edge of the wheel. 

Tub is to be aitached to the shalt by key and set sorews, and to 
the inlet flange by four heavy tie 10ds, 

Runner to be caiefully balanced to prevent vibration, 

The innar edye of the blades to be so arranged ay to give a decreas- 
ing inlet diameter from front to back in order to give a uniform 
radial velocity through the whoel. The angle of the blados to vary 
across the width in order to ensure the entranco of the air with tho 
least poxsible loss by shock, 

The curvature of tho blades to be such that at normal ox rated 
capacity the air will leave the tips with a velocity pressure approxi- 
mately tavica the pressure corresponding to the peripheral velocity 
of the wheel, in order to reduce the roquired speed of rotation, 


5. Shaft. 
To be of the highest grade forgel mild stecl of substantial size, * 
machinod all over. 


6. Bearings. 

To be spherical self aligning, ring lubricated type, of cast iron, 
lined with bost quality babbit, longth at least two and a half times 
diameter of shaft, and so designed as to allow easy adjustment for 
wear. Bearings to be provided with large oil reservoirs, fitted with 
suitable level indicators, In the case of a bearing mountod in the 
fan inlet, ib is to be provided with suitable azrangements for 
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preventing oil from being drawn along shaft and inte the fan by 
the entering air, 

Inspection-hole lids to be attached by short lengths of substantial 
chain to the pedestal. 


7. Thrust Collars. 


‘ Pa 
To be smoothly turned and work against bubbited shoulders on 
the ends of the bearings in order to avoid a (humping noise, due to 
uneven collar, bearing ends, or variations in the air current. 


8. Pulley. 


Tuclude for......inches dium, Gast tron Sash (and loose) pulleys 
having an uncqual number of curved arms, Width of lace to be 
vedtches, and crowning of,..... inelies. 


9. Label. 


An engraved or cast-brass Jabel to be securely fixed to the fan 
stating clearly -— 
(#) Makev’s namo, 
(b) Your of manufacture, 
(c) Maker’s serial number. 
(2) Makor’s catalogue size, 
(e) Rated, speed in R.P.M. 
(f) Rated output in cubio feet per minute, 
(9) Static pressure in inches, 


(h) Rated B.H.P. for above conditions, 
10. Painting. 


Casing, runner, and pedestals to be painted two coats of good oil 
paint before delivery, and one after erection, 


TENDERER’S Drains. 
No Tender will be considered unless the full details are fled in, 


. Maker......... 

. Duty......cubie feet per minute, 

. Static pressure......inches water. 

. Arca of suction.....8q. Leet, 

. Area of discharge......8q. Lect. 

. Velocity through discharge......feet per minute, 

. Conesponding velocity head......inches water. 

. Total pressuro (static plus velocity)......inches wator, 

- Ratio of static pressure to rated total prossure......per cent. 
. Gauge of plate for casing......B.W.G, 


mo bom 


Oo Ors Cr 
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IL. Total weight of casing, runner, shaft, bearings, pedestals, 
pulley, ete, ete. tbs. 
12, Guaranteed mechanical eflicioney of an: - 
(a) Statie: - 
A.P.M. X O:000I57 & static head in ins, 


~ ZZ cee fhe 


(B.ILP. at motor pulley = 38 p.c. for belt loss) 

(N.B. -Ntatie pressure is defined as the arithmetieal sum 
of the static readings on the two sides of the fan minus the 
velogiby presstire at the Jan inlet.) 

(6) Total or Dynamic Efficiency :— 
A.P.M. x total pressure in ins. X (000157 
(BALL. at motor pulley -- 3 p.c, for belt logs) ~ 

(N.B.—The velocity pressure is defined as the pressure 
soniesponding to the average velocity over the area of the 
inlet or outlet of the fan, whichever is the higher, Total 
pressure == velocity plus static pressure.) 





seve Pe 


Detailed Specification No. 3. 
SPECIPICATION 
for the Supply, Delivery, and [rection of 
AN AJR WASILER AND JLUMIDIFTER 


The specification following, indicates the requiromonts 
and preference of the pwrehasor in the mattor of doteil. 

At tho same time ib is recognised that excellent designs 
may differ matorially from that horein outlined, therefore 
Tondora will bo considerod even although tho Specification 
iy not strictly complied with if the spocified performancos 
can be guaranteed, tho deviations thorofrom clearly set 
forth in the spaco provided, and tho proposed plant be scen 
working satisfactorily in London, 


1. Extent of Contract. 


Include for the supply, delivery, erection on purchasers’ founda- 
tions, setting Lo work, and, testing of one Air Washer and Iumidifier 
complete, consisting of casing, tank, eliminator, spray system, 
motor-driven circulating pump, strainers, inter-connecting pipework, 
gauges, and valves in position as shown on Drawing Nou... 
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2. Duty and Requirements. 

To be suitably designed for handling continuously......thousand 
cubic feet of air per minute ab a maximum velocity through the 
washer of 600 feet por minute, and a guaranteed maxincum resistance 
of 0375 inch water, 

When operating under these conditions the washer, shall - ~ 

(a) Entirely remove all [ree moisture and entrained water 
from the treated air, 

(8) Remove 98 per cent. of the solid material carried by the 
entering air, 

(ce) With the mist sprays and the flooding sprays operating 
and the climinator in use the minimum humidilying efficiency 
to be 88 per cent. 

(Note-—By humidifying oflivionoy is moant the ratio of the weight 


of mowture which the wr actually abyorbs in its passage through 
the washor to the woight which 1b would absorb to saturation, ) 


(d) Remove effectually all trace of fog from the treated air. 


3, Casing and Tank. 
Casing to be constructed of galvanised iron of 18 B.W.G., the 
leading dimensions being approximately— 


woolboe cing. high, 
seoolt....ins, wide. 
wevelty.c ins, long overall, 


Settling tank, at least 16 inches high, to extend under the entire 
washer and to be made of 16 B.W.G, galvanised, iron. 

Casing and tank to be braced on the outside with Ld-inch by 
1}-inch galvanised angles, which shall not be spaced further apart 
than 3 feot. 

The sides, top, and tank to be made separately and halted up 
with rubber gaskets on site, 

All rivet holes to be soldered over on inside of casing, 

A perforated galvanised distributing plate at the inlet of the 
washer, having 60 per cent. free area, bo be provided. 

AM] metal work to be galvanised alter cutting or punching. 

The settling tank to be divided into two compartments by a 
20-mesh copper gauze strainer rated at 1 sq, foot for each 4,000 cubic 
feet of air handled per minute, and through which the water passes 
belore entering the suction of the pump. Tho top of the suction 
strainer compartment to be fitted with a hinged lid ovor the entire 
length, provision being made for easily cleaning and replacing of 
the copper gauze when necessary, 

Pump suction pipe to be continued down to within 2 inches abovo 
bottom of tank to avoid air troubles, 
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4. Inspection Door. 

Where shown on drawings, provide, in the sides of the washer 
casing, air and water tight doors of minimum dimensions, 15 inches 
by 24 inches, having lower edge 86 inches from floor level, to allow 
cayy Cleaning and convenient access to the machine. 

Door to be,of cast iron with two glass panels, cach glass being 
not less than 9 inches by 12 mehes. The door frame also to carry a 
{ inch by | inch pure rubber gaskot against which the door is to 
close, 

Frame to be of cast iron and riveted through the washer casing 
to & Gompanion frame on the inside. To be provided with gutler 
at lower edge [or catching any leakage water and, returning to the 
tank, 

Doors to be held by at least three cams on each side, easily operated 
and fixed solidly against the gasket, and sufficiently rigid to prevent 
cracking of glass. Tlinges to be so constructed as not to interfere 
with the action of the cams. 


5. Tank Fittings. 

(a) One 3-inch automatic float valve, suitable for 160 lbs, 
per sq. inch supply, lor maintaining constant water level. 

(b) An independent }-inch full-way gato valve, with hose 
connection for quickly filling tank alter cleaning. 

(c) Sufficient stout rubber canvas hose, fitted with screw 
connector, Lo reach to the opposite side of the tank. 

(d) A 2-inch flanged connection at the bottom of the tank, 
with elbow and brass gate valve for draining off the water. 

(e) An independent bell mouthed 2-inch cast-iron overflow, 
connacted outside the tank to a tee from which the connection 
to xewer is made under separate contract, 


6. Spray System. 


The system to consist of a series of brass spray nozzles evenly 
spaced over the entire area, and placed at least 4 fect back of the 
eliminator nozzles but in a parallel plane, thus uniformly filling tho 
intervening space with a finely divided spray, 

A minimam of 2°5 spray nozzles per 1,000 cubic feet of air handled 
per minute, producing a mist-like spray, to be provided. 

Nozzles to have a discharge orifice not leys than ,8, inch diameter, 
operating satisfactorily on a maximum pressure of 25 Ibs. por aq. 
inch. 

Stand pipes to bo t4-inch galvanised oxtra heavy wrought-iron 
pipe sorewed into a galvanised cast-iron header, 
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The flooding nozzles over the eliminators to be spaced on 3-ineh 
centres and handle one gallon per minute each. 


7. Scrubbing and Eliminating Plates. 


The climinators to be seb in vertical position and be made of 
24 B.W.G. galvanised iron, The angles of the eliminglor to be not 
greater than 35° and so set thet the air in passing through is deflected 
at least six Limes, 

Hliminator plates to be bolted or riveted divectly to galvanised. 
iron supports, 

The space for passage of air between any two adjacent eliminator 
plates not to exceed 1 inch, 

No separate metal clips to be used, 

The machine to be so arranged that the first four bends of the 
climinator plates shall become a washing surface, 

A separate set of sprays independent of the main sprays to be 
provided for maintaining a constant sheet of water flowing down 
those four surfaces continually. 

Minimum washing surface to be 40 sq. feet per 1,000 cubic Leet 
of air pet minute. 

The last two bends of the eliminator plates ate to remove ellectively 
all free and entrained moisture. 

The total washing and eliminating surface shall not be less than 
60 sq. fect per 1,000 cubic feet of air per minute. 


8. Pump and Motor. 


To be of the brass-fitted, double suction, centrifugal type, having 
a capacity of......gallons per minute when discharging aginst 
stlicient head to obtain perleet spray efloct of all nozzles, 

The pump to be of the horizontal type having enclosed runner, 
and to be provided with cast-iron base plate, with oil ring round. 
same, for direct coupling to a......B..P. motor 

The casing of the pump to be of grey cast-iron, horizontally 
divided for convenient inspection, suitable to withstand an excess 
over the working pressure and designed with ample water ways for 
proper velocity. 

The usual piping, drains, priming cock, foot valve, and grease 
cups, in addition to throttle valve, on discharge side, to be included 
for. . 

All surfaces not machined to bo rubbed down, filled in smooth, 
and given two coats of good oil colour before delivery. 

The pump and motor to be fixed on the purchasers’ foundations, 
the bed-plate being wedged up, and when machines are in perfect 
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alignment to be properly grouted in and bolted down, Pipes to be 
fitted Lo pump, and nob vice versd. 

Hngraved or cast-brass label to be securely fixed to pump, slubing 
concisely : - 

(u) Maker’s name, 

(b) Year of manufacture. 
(ce) Maker's serial mumber, 
(d) Speed in R.PLM. 

(ec) Rated output in GPM, 
(f) Rated head in feet. 

(y) Rated BILP. 

Motor to be to standard specification attached lLerewith, to be 
direct coupled to pump by means of an approved flexible coupling. 
Dowel pins to be fitted to both pump and motor for rapid lining-up 
on re-orection. 


9. Pot Strainer. 


One pot strainer of suitable capacity and fitted with removable 
gauze basket to be provided, fixed in the discharge line running 
fr om the centrifagal pump to the spray header, anil clear of the 
nrotor. 

The baskets of this strainer to be made of [4-mesh copper wire 
cloth screen, giving an areca of ab leant sixteen times the area of the 
pipe connection. 

The top of this strainer to be held by clamps and screw made on 
rubber gasket joint between machined surfaces so that it can be 
instantly and easily removed and choked basket replaced with a 
clean one, 

One spare basket to he provided, 


10. Pipework, Valves and Gauges. 


Include for all inter-connecting pipework in galvanised stecl, 
with soparate full-way brass gato valves, all of suitable capacity 
and by approved maker, to main sprays, flooding nozzles, water 
supply, and drain respectively. Water supply and drain connections 
laid on separate contract. 

Also for tivo d-inch best quality pressure guuges, sevle reading 
Q 60 Lbs, Gtted with brass plug cocks and connections; to be 
fixed in approved positions on the main spray system and on the 
flooding nogzles respectively. 

All pipe connections to the inside of the washer to be provided 
with companion flanges and pure rubber gaskets on each side of the 
casing. 
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11. Take-over Tesis. 


(N.B---Té is recognived that these tests are by no means 
perfect, but are here pub forward to and will form the basis of 
the contract in the absence of anything moro satisfactory.) 


(a) Free Moisture. 
1 . « . r 
The washer is to pass no Sree mointure that will show on a plate 
of clean glass 6 inches square held for a period of ton minutos 4 inches 
back of tho eliminator and at right angles to the divection of flow 
of tho air. 
(b) Cooling and Tumidification (uximum), 


The apparatus, when recirculating water in summer and handling 
rated capacity of air, is to reduce the temperature of the air 70 por 
cent. of the entering wet bulb depression, 

Lhe apparatus, when using cold water in summer, to reduce the 
outgoing difference of air (wet bulb) and water temperatures to Less 
than 25 per cent. of the difference in the incoming air (wet bulb) 
and water temperature. 


(c) Humidification (Minimum). 
When the washer is operating with the eliminator flooding nozzles 


only, the washer to reduce the temperature of the air 10 per cent. 
of the entering wet bulb depression as a maximum. 
(d) Test for Coarse Dirt, 

One lb. of dry boiler soot at a temperature not Tess than 70° aly. 
for every 20,000 cubic feet of air per minute to be sifted into the 
mouth of the washer at a uniform rate in ono minute, and uniformly 
across the width of the washor, 

The soot to be entirely washed from the aivin passing through, as 
determined by a sheet of white papor not Tess than 6 inches aquare 
suspended at right angles to the flow of tho leaving air, Text papor 
to be coated with a solution of white sugar syrup. 

(e) Test for Fine Dut. 

Two cross-wire screens covered by a thin filn of absorbent cotton 
not less than 6 inches square are to be placed as follows »— 

One screen to be inserted in the air duct at any convenient point 
80 as to intercept the air before it passes through the washer, ‘The 
other screen to be placed in the air duct leading from the washer at 
approximately the same location in the cross-section of the duct 
and in the current of the air after it has been washed, 

The first screen to remain in the air current for six hows con- 
tinuously, and the second screen is to remain in the air current 
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continuously Lor two weeks, the entoring air being kept in as uniform 
condition as possible as regards dust during the test. At tho 
expiration of the two weeks the second screen is to show no greater 
collection of dust than the first sereen. It is understood that the 
second xereen is 40 be placed back of the washer a distance not more 
than the width of the duct, so that it will be unaffected by any 
air leaks incthe duct between the air washer and the sereen, , 


(f) Test for Fog. 

Fog to be tested for in the ducts by means of an clectric lamp 
projecting a parallel beam of light, 

(9g) Noxious Odours. 

A burning smoke rocket, as used by tho city health departments 
for testing drains, to be moved uniformly and slowly over tho intake 
grating. 

All tests, except when otherwise directed, to be made under the 
specified normal Lull load conditions, 


12. Spares. 


Two gauze buckets for strainer. 


Trvperer’s Drratts, 
No Tender will be considered unless tho full details are filled in. 


1, Spray nozzles por 1,000 cubic feet of air handled........ 
2. Wator pressure on spray system for maximum officiency 
nists Ths. per sq. inch, 
3. Angle at which climinating plates are seb to normal direction 
of aiv flow......degrees, 
4, Number of times air is deflected in passage through elimi- 
NOON vervseves 
5. Space between individual climinator plates......inches, 
6. Area of washing surface (as distinct from eliminator surface) 
. per 1,000 cubic Leet of air handled......8q. Leet. 
7. Maker of pump... 
8 Catalogue number... 
), Speed of pump......R.P.M. 
10. Maker of motor........ . . 
11. Guaranteed mechanical efliciency at full load......per cent, 
12. Electricity consumption in Board of Trade units per hour at 
full load... ; 
13. Maker of flexible coupling (if supplied)......... 
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Ld, Drawings required? - 
(a) Blue, with leading dimensions filled in, showing general 
arrangements. 
(4) Blne, of yrrmp and motor, 
(c) Characteristic curves : 
(a) Pump. 
(3) Motor, 
(c) Washer opening ab various spray presstres, 
1h. Varwations. 
The apparatus put forward will completely comply with the 
specification, except as regards the under-mentioned details : 


POePeereUE ECC EeeUreVECErere rr rer eer reese rere eee errrr creer rere cere eee ee eee er eeeeny 


Detailed Specification No. 4. 
DIRECT CURRENT MOTOR. 


Tenders will be considered even although the Specification is not 
strictly complied with, if similar results ave obtained, and any 
variations stated fully, WL SILENT RUNNING IN ESSENTIAL. 


1. Output. 


To be capable of continuously (six hours rating) developing the 
specified BLP. at the pulley, when running at any speed within 
the specified range, 

Variable speed machines to be specially designed for stable manning 
on weakened field at the higher speed. 


2, Frame and Field Poles. 


To be of the best close-grained cast iron, or cast magnet stect, 
into which the Jaminations are to he seenved, 
Kyo-bolis to be securely fixed into magnet case, of under-mentioned 
mininwm sizes i 
Up to 6 inches diam. armature, one for L-ineh tommy bar. 
6 inches to 8 inches diam. armature, one for | f-meh tommy 
bax. 
Above 8 inches diam. armature, two for 1{-inch tommy bar. 
The four poles, which ave to be accurately spaced, are, together 
with their pole shaes, to be made up of charcoal ivon laminations, 
riveted tightly 1ogether and securely fixed at diagonal points of the 
magnet case, or alternatively, the magnet case may be of cast iron 
or steel having cast poles and charcoal iron laminated tips, seemely 
riveted together and screwed to same by at least two counter-sink 
screws. 
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3. Field Coils (Shunt). 


To be Jormer wound, thoroughly varntshed and baked. After- 
wards, Insulated with presspaln, well bound with damp-proof tape, 
well soaked in insulating compound and again baked for twenty-four 
hows, Hach eoil to be provided with its own terminals and seem ely 
fixed in position on the magnet poles, 

i) 


4, Field Coils (Series). 


Where fitted, to be of strip copper, and so formed that the starting 
and finishing ends of the coil are on the outside, Connections 
between different coils {a be made of {lexiblo enble or solid copper 
aliip, insulated with prepared tape. 


5. Armaiure. 

Of the slotted drum type, built up of charcoal iron laminations, 
carefully insulated from each other and adequately ventilated by 
radial duets. 

Jolla to be former wound, and fixed in the slots—previously 
lined with a trongh made of approved insulating material and 
moulded into shape before being placed therein. 

Insulation of coils to be protected from mechanical injury: by 
turning over the insulating lming of slot to meet at ihe centre and 
covering by a futher ship of tough damp-proo! insulating material. 

Armatures to be well bound with best quality tinned steel wire 
well soldered wp, insulated from the core plates by mica and carried 
in recesses in the core so that in ease armature ribs on poles shoes, 
the steel bands are not damaged, 


6. Air Gap. 
Clearance between pole tips and any part of armature to be not 
toss than mnder-mentioned figures + - 
Up to 8 inches diam, armature, 0°06 inch. 
Above 8 inches and up to 12 inches diam. armature, 0:065 
ineh, 
Above 12 inches and up to 18 inches diam. armature, 0'075 
inch, 
Above 18 inches, 0°065 inch, 


7. Commutator. 

To be curried on tigid sleeves positively chiven from the shaft and. 
built up of an approved mumber of hard drawn or drop forged 
copper segments, insulated throughout with pure Tndian mica of 
same wearing hardness as the copper. 

Koements to he of ainple area, and of such radial depth that not 
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logs than | inch can be turned off radially without causing wadue 
heating when the machine is giving its normal full load current 
continuously with the reduced section. 

Mica to be chased out just clear of tho commutator surlace before 


official test, 


8. Laminations. , 

Plates of the armature, and also the sleeve carrying the 
commutator, to be positively driven, special care being tuken 10 
prevent them working loose on the shalt from the hammering 
action duc to intermittent loads, or from any other causes, 


9, Balance. 

Armature and commutator to be properly balanced and set in 
the magnet ficlds in such a way as to avoid end thrust and run 
truly whether field coils are excited or not, 


10. Brush Gear. 

Brush holders to be of box type, with readily adjustable tension 
spring giving wide range of even pressure on brushes. Brushes to 
be of some standard size made by the Morgan Crucible Co,, Litd., ox 
other well-known maker, self-adjusting, box type (sample to be 
submitted and approved), and fitted with copper fexibles; both 
commutator and brush surface to be ample. 

Machine to run sparklessly and without trace of “ hunting”? on 
weakest field (when driving under specified conditions), at all loads 
and speeds, with fixed brush position up to 100 per cent, in excess 
of the specified maximum output, and a suitable permanent index 
to be provided, showing clearly tho position of the brush rocker for 
sparkless running. 

Collector rings to be of solid copper strip, insulated with prepared 
tape and fixed at least 4 inch clear of all parts of frame. 

Brush boxes adjustable on rocker arm in order 1o give evon wear 
on commutator, 


11. Shaft. 

To be of best wrought mild steel and of ample proportions to 
render it strong and stifl, accurately turned and giound tue, and 
suitably designed to prevent oil creeping on to armature or commu- 
tator. 


12. Bearings. 


Bearings to be of ring lubricated, sel{-oiling type, of solid phosphor 
bronze, Ratio of length to diameter of shalt to be not less than 
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2h... Grooves to be machined in bushes at either end to earry 
away excess oil, and chennels to be eut into iner surface af bush to 
ensure aecess of oil to all parts of shaft. Approved oil depth gases 
anil run-off taps to be provided for each bearing, Kieient ot] flirts 
to be provided on the shaft which absolutely prevent access of oil 
to the windings. 


13. Pulley. 
To be of cast iron of the spesified dimensions. Centre hale ta be 


a good sliding fit on shaft. 
Pulley to be seeured to shalt by substantial feathers held in place 


by suitable stud, screwed through boss, 


14. Slide Rails. 

Motor to he bolted down to two heavy cast-iron single-type slide 
rails amply proportioned to render them strong and still, accurately 
planed on top surface, and cach provided with boll hole lugs for 
seguring to concrete bed, 

Forcing scrows to have coned ends (where they engage maynet. 
casa), cylindrical heads with tommy bar holes, and allow minimum 
tiavel of under-mentioned figures when fixed at opposite ends of 
magnet case. 


Travel of Rag Bolt 


Sizo of Motor, Mugnot Case Holey 
(Inohos), (Inches), 


Up to and ineluding 6 BALE. . Hi 
Up to and ineluding 10 BALD, 6 Fi 
Above 10 BALP. : . ) 1} 





15. Terminals. 

Hach circuit, viz., shunt field, series coils and brush gear to he 
brought out on to separate terminals fixed on approved enamelled 
slate-- minimum (higlkness } inch: which is to be efficiently protected 
hy a heavy cast-iron box lined with insulating niaterial, into which 
a metallic flexible tube can be screwed direct, 

No cables 40 be visible when the cover plates ate in position, 
terminal box being designed so that all connections are brought 
into the baek of the terminal box and not at the sides or bottom, 
with loops of unprotected cable. 

Sweating thimbles of approved design to be provided Lor external 


WV. 
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connections and copper strips of suitable proportions to be provided 
for intemal connections, Lock nuts or two set serews fo he fitted 
to eath terminal. jdarthing stad and thimble to be fixed to slide 
rails, 


16. Maker’s Name Plate. 

An ongiayed bass plate to be seewely attached*to the side af 
magnet case, the lollowing particulars ta be clearly stamped there- 
on i= 

(a) Maximum B.ILP. (contimuous tating). 

(6) Voltage of cireuit for which motor is wound. 

(ce) Full load ewrent in amperes. 

(d) Speed in R.P.M. minimnm and maximum. 

(ce) Makei’s name, reference number and year. 

(f) Shunt field cuirent (mmimum and maximum) in anperes. 


17. Temperature Rise. 


The constiuction of the whole machine to be such that after 
1unning continuously upon its maximum output for at least pix 
hows the temperature of the machine, or any part of it, shall not 
exceed 70° Fahr. above the temperature of the surounding atmo- 
sphere, provided that in_no case shall the total temperature exceed 
140° Fahy. 


18. Silent Running. 

All parts of the machines must be thoroughly secwed, specea? 
precautions being taken to prevent any hum or other objectionatle 
notse bemy gwen out at any load, 


19. Starting Switch. 


To be of the specified Lype fitted with overload and no vollage 
release coils, and to be designed to start the motor up on fell load, 
without undue heating. Tenipevature rise of such coila in no case 
to exceed 70° Fahr. above the lemperature of the surrounding a 
alter six hours’ tun at full load. 

Slate panels cairying contracts to be rendered thoroughly non- 
hygroscopic. Where fixed in frame, holes in slab to be well Dushed 
and provided with mica washers back and front, 

Resistance coils to be either :-— 

* (a) Wound on tubes formed of non-hygroscopic and non- 
brittle material so fixed as 10 have ample 100m for expansion 
due to heating. 

(b) Sprral coils, supported on slate slaby and fixed well clear 
of the case and of adjacent coils, 

No solder to be used and all terminals to be fitted with lock nuts, 
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Rheostat arm to be fitted with adjustable tension plate, and 
renewable contact brushes. Field and fist armature contact bo 
be carbon, and faxmg serews (if any) on lace of slab to be protected. 
hy obonite caps or hard wood plugs. 

Separate earthing stud and thimble to be fixed, on outer case and 
sweating thimbles provided for extemal circuits. 


20. Field Regulator. 


The separate rheostat to be provided for spead, regulation on the 
shunt field, to conform generally to par, 19, to be designed to give 
tho variation of specds as specified, to be fitted with the specified 
mumber ol contact studs, and to be so arranged that motor cannot 
be started up on weakened field. 

Cover to be marked with suitable permanent indexes ‘‘ sow ” 
and “ past,” the movement of radial arm when specding up being 
CLOCK WISH, Indicator to be provided outside the case to show 
exact position of contact arn. 


21. Insulation Resistance and Pressure Test. 


After six hours’ test at full load, all windings, switchgear, ete., 
to be connesied together mud insulation resistance, copper to earth, 
when tested at 500 volts, Lo be not less than two megohing, 

The under-mentioned pressure is then to be applied Low two 
minutes between copper and stampings and between copper and 
binding wie and the 500 volt insulation test, as above specified, 
again repeated, 

For machines tp to 250 volts, test pressure 1,000 volts A.C. 
For machines above 250 volts and ap to 600 volts, tost 
pressure 2,000 volts A.C. 


22, Official Inspection and Take-over Tost. 


Contractor to give the Purchaser seven days notiee in writing of 
the date fixed by him for the official inspection and take-over tests 
of this machine, together with all sinitehyear and aecessor ies. 

Tho Purchaser's Inspector to be given necessary facilities, curtent, 
loan of instruments and assistance, to test the machine in order to 
prove that each part complies with the requirements of this specifica 
tion. 

In the event of rejection of the machine or switchgear by the 
Inspector, due to its failure to mect the requirements of this specifica- 
tion, a second inspection and test by the Inspector will be necessary. 
In this ovent the delay in delivery will continue to be the subject 


of the penalty clause contained in the Form of Tender, and the 
wa 
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Contractor will be charged the thircd-olas# rail and reasonable out- 
of-pocket expenses incurred by the Taspector in consoquonce, 


23. Painting. 


Outer surface of castings, ett, to be carefully filed flat, filled 
into a dead smooth surface, rubbed down, and painted two coats 
of dark green oil paint. 


24. Guarantee. 


Contractor to undertake for a period of twelve months from date 
of starting to run, to make good any original defects of design, 
material or workmanship, whieh may become apparent in use, 
freo of all cost, excepting stich as are due to ordinary fair wear and 
tear, fire, frost, wilful av accidental damage ov other causes beyond 
his control, and on the assumption that all the machinery is properly 
looked after, kept clean, and lubricated. 

Tt being understood that any faulty part will be returned to 
Contractor's works, carriage paid, and Contractor to have the 
option of replacing or repairing the defective parts, 

Consequential damages excluded. 


25. Payments. 


Accounts, less 24 per cent. cash discount, to be paid on the 20th 
of the month following date of delivery of the machine, together with 
all switch gear, etc., on site, provided the order number is quoted on 
all invoices and statements and the accounts are rendered correctly 
and promptly. 


26. Empties. 


The Purchasers will not be responsible for the return of or payment 
for emptios, but will put on rail carriage paid, and will notify the 
Contractor details of serial numbers, nominal value, route ol 
despatch, cartev’s name signing for same, ete, of enrplies that are 
clearly stamped with their value and with the name of the Contractor, 
etc, and assist so far ax possible to seoure their retium to the 
Contractor. 


CHAPTER, XV 


TL APPLICATIONS OF WRT AIR FILTERS TO TIT COOLING 
OF HLNOTRIGAL MAGHTNERY 


1. Mechanical and Electrical Losses Converted to Heat. 


Ju Chapter |}. it was shown that tho losses in the conver 
sion of energy from one form into anothor almost invariably 
reappear in the form of heat at the rate of 3,400 B.Th.U. 
per kelvin or Board of Trade unit, or 2,530 B.Th.U. por 
horse-power Jost, and it is this question of heating which 
in vocent yoars has practically determined the limiting 
output of any particular size of electrical machine. 

Designers have rocoguised this Limit and havo succeeded 
to wsmall oxtent in pushing it a little furthor away, i.e. 
increasing the outpubl por pound weight of motal in the 
machine, cithor by fitting fans to the rotating parts or by 
increasing the radiating surface of the stwtionsry parts by 
adding fins or gills. ‘This practise answered woll enough 
when machines were of limited size, gonorating relative 
small quantities of heat, and requiring relatively sul 
quantities of air, but when the output capacity hogan to 
Inerouse, wl now w 380,000 kilowatt seb is becoming more 
or loss conmmon, extemal moans for supplying the air hove 
had to be utilised. 

Kxameiié 20. Consider a 6,000 kilowalt machine ranning at 
an oligionsy of O5 per cent, (electrical oulput/shalt input). 
Thus the electrical loss is (5,000 x 5) 250 kilowatts, prodticing 
(260 > 3,400),850,000 B.Th.U, por our, 


2. Quantity of Air Required, 


The usnal temperature riso allowed of 70° Fahr, on the 
small machinos is reducod to approximately 35° to 40° Iabr, 
on the largor sizes. Therefore the air required for officiont 
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cooling of the 5,000 kilowatt set undor consideration would 
be 
850,000 % 58 
AO OO 
say 19,000 cubic feot of air por minute, or 1,140,000 cubic 
foot of air per hour, 

The practice of different makers varios slightly, bub from 
information kindly supplied by tho British Thomson- 
Tlouston Co., Lid., the British Westinghouse Electric and 
Manufacturing Co., Ltd, and the General Eleetrie Co., 
Tad., it would appear that standard allowance is approxi- 
mately 5 to 6 cubic foot of air per kilowatt capacity of 
plant, or 100 to 120 cubic feot of air por kilowatt lost per 
minute, corrosponiling to a temperature rise of approximately 
35° to 40° Kahr, or 18° Cent. 


18,700, 


8. Static and Velocity Pressures Required. 

The frictional vesistance to the passage of air through tho 
machine varies largely, of course, with the type and size 
and the method of passing the air through tho machino, 
but the limits may be stated safely at 3 inches minimun, 
up to 7 inches W.G. maximiun, in some cases boing as low 
as 24 inches W.G. with axial ventilation on a 3,000 kilowatt 
set. 

As regards tho velocity at which tho air is put through 
the machine, this is of the order of 1,500 to 2,000 foot per 
minute, so that the connecting ducts can convenicntly be 
figured on this basis. 

Tho warm air may be discharged cithor into the engine- 
room or, fiom considerations o£ fire risk, connected to a 
duct communicating directly with a safe place outsido, 
or if it is desired {o utilise the heat contained, arrangements 
may be made for passing it into the boiler house, if this is 
conveniently near, 

Referring to the fire risk, it is usual to provide a substantial 
damper which can be closed from a convenient place, so 
that in the event of a serious fault developing in the machine 
the air supply can be entirely cut off, 
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4, Wet Air Filtering. 


Obviously, special precautions must be observed in 
dealing with these largo volumes of air to avoid the presence 
of grit or ofl, which woud permanently injure the insulation 
and dust, whieh will rapidly choke the comparatively small 
air passages, As indieated in Chaptor VI, wet-air filtors 
are admirably adapted for this work, 

The only possible objoction that can bo raised is the 
introduction of “amoist’? air into the windings of the 
machine, but this falls to the ground at once whon it is 
romombered that the temperature of the air ts raised 
immediately tt enters the machine windings, and she relative 
humidity falls ina corresponding ratio. With any well- 
designed filter overy trace of free moisture is entirely removed 
on the climinating plates, but if any doubt is still entertained 
on this score the duet between the end of the filter and the 
inlot to the machine can be made a minimum length of 
25 to 80 foot long, thus giving time for any minute traces 
of water carried over to evaporate, 

It is said that slightly higher officiencios are obtained 
when the power for forcing the air through the machine is 
supplied oxternally than when the fan blades form an 
integral part of the rotating part, bab the writer H&s*n6* 
figuros to prove this. Lil 

The vooling effect obtainable wher operating wot-air 
fillers on dry clays (de, low relative huuidity) ix of course 
an additional advantage, incrousing to a small oxtent tho 


output capacity 


a 


5. Temperature Recording. 

The application of the olectrical thormometor (Chapter 
LX., par, 1) would appoar to have a useful seope in connec- 
tion with large cloetrical units in which tho “bulb” can 
bo built into the machine and tho tomperabure poviodically 
obtained by the switchboard ationdant, 
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Tanna XXXV1,— Pressure and Horse-power Lost by 
Friction of Air in Galvanised Iron Pipes 100 Feet Long 
(by the courtosy of the Sturtovant Hngincoring Co.,, 
Lid.). 


Ian Voloally of Ait in Moot per Mintla, 


of Pipe} Loss of Pressure re er rors ee 
in jand Woise-powe, 
Inches, 1,000, | 1,200, | 1,100. | 1,600, | 1,800, | 8,000, | 2,100, 72,800. 





12 | Ins, of Wator | 0-150 [0-229 [0-312 | 0108 [0517 [0-088 [0-020 | 1-25 
TER. Prietion {0-019 (Q08 6 (0054 [Q081 [OLL Ol [O27 (Ot8 





ee = ee 


18 | Ins, of Water | 0:107 | 0-154 | 0-208 | 0-273 | 0845 | 0426 10-018 10-719 
U.P, Friction | 0-029 | 0-051 | 0081 | 0127 | 0-173 | 0-288 }Od11 | 0-622 








24 | Ins, of Water {0-079 [0-116 | 0+157 [0-206 [0-258 [0819 10460 [0-626 
ITD, Mrietion | 0-039 | 0-008 | 0-108 | 0162 | 0-231 [00817 | O48 | 0-870 


tee eee | ee ee tre] a ea wR] ee weed | sneer woe ne | meee 


30) | Tus, of Wator | 0-064 [0-091 | 0-126 | 0-164 [0-207 | 0-255 10387 | 0-500 
ILL, Friction | 0-0 106) 0 085 [0-136 10-208 [0-280 [0-806 10-27 10-686 


cee | ee tcentn| mene | eee | eerie yee | maemanenmmanaate | gtteeememrte | tenner] emma 


36 | Ins, of Wator | 0-053 {0-076 |0-103 | 0-186 |0-173 |0-212 | 0-807 | 0-417 
HP, Friction | 0-595 | 0-102 [0-168 [0-243 [0-846 | 0475 | 0-922 11:30 











40 | Ins, of Wator } 0-018 [0-066 [0-093 [0-122 [0165 (OLOL (0276 [0376 
ILD, Friction | 0066 |Od11 [Oa8L [0270 [03865 [0628 [O013 |b t5 








4{ | Ins. of Water | 0-018 | 0-002 10-085 [OTTO [OT f FOL7L [O258 | O82 
TLR, Friotion (0-072 10-125 O+189 [0203 (Odt FOBSE TEGO [P50 


48 | Ins. of Wator } 0039 |0°057 | 0-078 | 0-102 [0-120 | O60 [0232 | 0312 
TB, Brietion | 0-079 | 0137 fOQ17 O82 1 Ostd2 OGRE LOO | beT 





52 | Ins. of Water | 0-036 | 0058 | 0-072 | 0-005 (0-119 [O46 | 0212 | 0-280 
ILD, Friction | 0 086 | 0148 | 0-286 10352 [0-01 [0-087 [118 [188 


7 


56 | Ins. of Wator | 0-084 [0-050 | 0-067 | 0-088 [0-110 | 0-136 [0-205 | 0-200 
ILP, Friotion |) 092 (0-150 (0-253 [0-379 [O-510 [71 [127 12-03 








GO | Ins. of Water } 0 038 }0-047 | 0-062 ) 0-08) | 0-101 10-128 )0-185 | 0: 
J.P, Friction | 0-009 | 0-171 | 0-272 | 0406 | 0-578 10-798 [137 ]2 
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Tani XX NVIL.-- Air Velocities and Equivalent Pressures 
(in Inches) of Water Calculated at 60° Fahy. 





Volocity in loot Tnehos of Volocity in Root lnchos of 
por Minuto. Water, por Minute, Water, 
100-500 O01 2,700 OB 
600 02 2,800 0-50 
700— 800 (Y08 2,900 53, 
900 Oot 3,000 (57 
1,000 006 8,100 60 
1,100 (0:08 3,200 0°64 
1,200 O10 8,300 0°68 
1,800 OL 8,400 (7) 
1, 100 OTL 3,500 0°78 
1,500 OLS 3,600 080 
1,600 OLn 3.700 O86 
1,800 10 3,800 (00 
1,900 (20 3,900 O95 
2,000 0-23 4,000 1-00 
2,100 (25 4,500 128 
2,200 (29 5,000 1-55 
2,800 era 5,500 18h 
2,400 15) 6,000 2-20 
2,600 040 7,000 3-00 
4,600 (| — — 


Slight diserepancies between various published tables are due 
to the temperature at which the specific gravity of vir is caloulated, 
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Tapia XXXVILI.—~Properties of Saturated Steam. 


r 


Total Progsure in | Gauge Pressure from 


Ibs por ag. inch | Abmosphere (assumed ) Pomp. a: — | Latent Toat in 
(moasured fiom a | at 16 lbs, por sq. Dowreos Jal. BTR U, 
Vacuum), inch), of Sloan, 

1 | 101 1,081 

2 J3 126 1,021 

3 -12 ddl 1,012 

4 - 11 153 1,005 

5 10 162 1,000 

6 — 9 170 NOH 

1 Bp Seen 176 91 

§ 7 182 987 

i) - 6 188 84 

10 5 193 081 

12 3 201 976 

4 - 1 209 971 

15 (14:7) (atmosphere) 212 967 

16 L 216 965 

18 3 222 03 

20 5 228 HY 

22 7 233 O56 

24 9 237 052 

26 ll 242 od 

28 13 246 47 

30 15 250 4d 

32 {7 ahd 04 | 

5d 19 257 030 

36 21 260 37 











| a en ere ae 
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Tabu XXXIX, -Weight of Round Galvanised Steel Pipe 
and Elbows of the Proper Gauge (U.S.A.) for Heating 
and Ventilating Systems. 


Amoni- 
etn 
Gauge, 


26 


nh 
RS 


20) 


{6 














ig ue ’ | 
Wi, po ont Jinn, 
Nu, Th. TW. | oot Atoa 
mtb. | (ing | Pipe, | Bae 8M 
lih). 
| 
| [26 
(h78 BCH) 6 IRS 
(x 50-3 
te) Teh 
al ae 
ot | 27 | [hy 1B 
vay : 15 176 
D0 in| BBE 
Se dye eh 0 
Ln 52 
(27 72 
If] 224) 30 706 
(33 Sbb 
i 
36 [.017 
uF . 
bas | at fis | aes 
(ie 1,800 
216 a) Sel 2,200) 
igo 2,827 
Ob 3,121 
9.66 wh 2 
266 IT fre | ory 





| 


Arou nm 
an fl 


O19 
(e318 


O16 
()782 


ar 
BS 


se? 
11 
hoe 


TOD 
eS 


125 
150 


16 


Dis 
OY 


(Seo also Chapter I'V,, par. 4.) 





Wh 
por 
Run 
nie 
Boal, 


See ee 
oe ee 


7 


3 & 


seeks 
be 3 


17-2 
201 


pote emt 


20-8 
B30 
BT 


HOG 
56 


, 


of full 





Hlbow, 


Lhe Whitetiars Pross Lad , London and Lonlnidge 


Dry Bulb 
‘Tempora- 
ture, 


100 


Values of temperature and humidity within the usual limits required for 














Grains 
por Cubic 
Foot ab 
Natuia- ro 
tion, Per cont. 
Relative 
Ilunidity. 
104 8) 
QL 89 
2:28 90 
246 91 
2°65 91 
2°85 92 
3:06 92 
829 93 
3°54 93 
3°80 93 
4-08 93 
4:37 94 
4-69 94. 
5-02 94, 
5-37 94. 
6-75 94. 
Old Od, 
6-56 96 
7-01 95 
748 05 
7-98 95 
8-51 95 
9-07 95 
9-66 06 
10°28 96 
10-93 06 
11-63 96 
12:36 96 
1313 6 
13-94 06 
1479 96 
15:69 96 
16:63 96 
17°63 96 
18-67 96 
19-77 96 











Tapun XL.—Hygrometric Tables. Relative Humidity, Dew Points, and Grains of Moisture per Cubic Foot. =: 


(Barometer Pressure, 30 Inches. Temperatures in Degrees Fahr.). 





Dew 
Point 
Tempera- 
ture, 


27 
30 
32 





34 
36 
38 


40 
42 
44, 


46 
48 
50 


52 
64 
56 


58 
60 
62 


64. 
67 
69 





7 
73 
15 


77 
79 
81 


88 
85 
87 


89 
91 
93 


95 
97 
99 





Grains 


por 
Oub. Fh, 


1-72 
1-88 
205 


2°24, 
ard, 
2-62 





5-40 
6-24 





6-66 
7-58 











16:9 
































Degrees Wet Bulb Depression, ° Fahr. 
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ventilation are given above. Fuller information can be obtained from the Psychrometric Chart Table VI., and from more extensive tables in “Fan Engincering”’ (Carrier), 


“ Heating and Ventilation” (Sturtevant), etc., etc. 
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